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1.0 EXECUTIVE SUMM ARY

Department of Energy Order 435.1, Radioactive Waste Management, requires that certain
Performance Objectives be met over a 1,000-year post-closure period, in order to protect the
public, environment, and workers.  This objective is realized by specific requirements
designed to minimize radionuclide transport from the disposal facilities.  The requirement to
achieve long-term stability, minimize subsidence, and minimize the need for long-term
maintenance for long-term cover systems is one such requirement.

Engineered Trench #1 (ET) is a low-level radioactive waste disposal trench located in
E-Area, Savannah River Site.  The first phase of the ET has been constructed and steel B-25
waste containers are currently being placed.  This fiscal year, and over the next two fiscal
years, TTP SR11SS29, will use the ET as a case study to evaluate long-term waste
stabilization design for long-term cover systems.  The case study will include:

• Finite element modeling of waste container (B-25) behavior

• Corrosion study to evaluate B-25 long-term structural stability

• Cost evaluation and impact on long-term maintenance for stabilization methods
modeled

• Risk-based evaluation of the structural finite element model results by integration
with the Performance Assessment

• Production of a generic, risk-based design methodology for evaluating and
selecting physical stabilization options for long-term cover systems

This report summarizes parameters to be incorporated in the finite element model, and
includes some parameters related to the corrosion study.  Parameters include ET
configuration, soil, container, waste, seismic, and climate characteristics.  Information related
to the currently planned stabilization method (dynamic compaction) is included, as is
information related to a potential new disposal method, the use of soft-sided bags rather than
B-25s.
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2.0 INTRODUCTION

2.1 BACKGROUND

A May 2001 report by the U.S. Department of Energy (DOE) Office of Inspector General
estimates the DOE has disposed nearly 69 million ft3 (1.95 million m3) of low-level
radioactive waste at its facilities (DOE, 2001).  To put this in perspective, 3.5 million ft3

(100,000 m3) is similar in volume to a 7-story building covering the area of a football field
(DOE, 1998).  So, the nearly 69 million ft3 (1.95 million m3) disposed to date is about the
volume of 20 football-field-size, 7-story buildings.  Over the next 70 years, DOE plans to
dispose an additional 358 million ft3 (10.14 million m3), a volume roughly equivalent to
102 football-field-size, 7-story buildings.  Most of this material will be generated over the
next two decades as part of DOE’s environmental restoration activities (DOE, 1998).
According to DOE Orders 5820.2A and 435.1, the preferred locations for disposing low-level
materials (in order of priority) are:  at the site of origin, at other DOE sites (i.e., Nevada Test
Site or Hanford Site), and at commercial facilities (DOE, 2001).

The limited availability of disposal alternatives is the principal factor influencing DOE
decisions about the treatment, storage, and disposal of the low-level and mixed wastes from
its 20 major waste-generating sites.  Four of DOE’s six disposal sites – Idaho National
Engineering and Environmental Laboratory; Los Alamos National Laboratory, New Mexico;
Oak Ridge Reservation, Tennessee; and Savannah River Site (SRS), South Carolina – are
restricted to disposing almost exclusively of their own low-level wastes (and no mixed
wastes) because of limits on their remaining disposal capacity and/or unfavorable site
conditions, such as proximity to groundwater or relatively wet climates.  The two other
disposal sites – the Hanford Site in Washington State and the Nevada Test Site – have
relatively dry climates and enough capacity to dispose of nearly all the low-level and mixed
wastes generated at DOE’s nuclear facilities nationwide (GAO, 2000).  A summary of the
various DOE waste-generating and disposal sites is presented in Section 3.0.

The Savannah River Site (SRS) is a DOE facility that was set aside in 1950 as a controlled
area for production of nuclear materials for national defense.  The DOE and its contractors
are responsible for the operation of the SRS.  Westinghouse Savannah River Company
(WSRC) currently manages and operates the site.  SRS and other DOE sites use shallow land
burial facilities (i.e., trenches) to dispose some low-level radioactive waste.

DOE Order 435.1 (DOE, 1999), Radioactive Waste Management, and its companion manual
and guidance require that certain Performance Objectives be met over a 1,000 year post-
closure period, in order to protect the public, environment, and workers.  This objective is
realized by specific requirements designed to minimize radionuclide transport from the
disposal facilities.  The requirement to achieve long-term stability, minimize subsidence, and
minimize the need for long-term maintenance for long-term cover systems is one such
requirement.
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Buried materials can experience settlement due to consolidation of underlying materials by
several processes.  These processes include compression of materials under their own weight
and the weight of any overlying materials or loads, chemical and biological degradation, and
other mechanisms.  The magnitude, distribution, and rate of settlement are governed by
factors such as material age, type, density and thickness, loading, and moisture (EPA, 2001).

At SRS and other DOE sites, waste containers (called B-25 containers), with from
approximately 10 percent to as much as 90 percent void space, are placed in the disposal
trenches.  Dames and Moore (1987) estimated the typical B-25 contained 70 percent void
space and 30 percent waste material.  Corrosion and degradation of these carbon-steel
containers can result in significant subsidence over time.  Subsidence can compromise the
structural integrity of the long-term cover system, resulting in increased radionuclide
transport into the environment.  The selection of cost effective and appropriate stabilization
of both containerized and bulk waste is required in order to maintain long-term cover system
stability and stakeholder acceptance of long-term disposal practices.

Current SRS disposal of low-level radioactive waste contained in stacked B-25 containers
within Engineered Trench is anticipated to continue for the foreseeable future.  The current
SRS baseline option for waste physical stabilization is dynamic compaction immediately
prior to construction of the final cover at closure.  However, the cost of dynamic compaction
is approximately $200,000 per acre and DOE’s low-level radioactive waste sites constitute
hundreds of acres.  Additionally, the dynamic compaction conducted to date at DOE facilities
has not eliminated future subsidence potential, but has only reduced it by less than 50%.
Therefore, significant future maintenance activities are likely to be required at these facilities.

2.2 OBJECTIVE AND APP ROACH

Fiscal Year (FY) 2001 tasks under Technical Task Plan SR11SS29 encompass developing a
better understanding of the structural stability of B-25 container disposal using Engineered
Trench #1 as a case study.

• Task 1 is a finite element parametric study to determine the parameters that have
the most impact upon long-term structural stability and subsidence of the cover
system.

• Task 2 is a corrosion evaluation using a B-25 container exhumed near the
Engineered Trench (ET).

• Task 3 is this technical report.

This report summarizes parameter estimations for use in the structural finite-element
modeling of a selected ET waste physical-stabilization option, to be performed in FY 2002.
The SRS ET case study will be completed in time to allow modification of current disposal
practices and/or the baseline stabilization, as appropriate, prior to facility closure.
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2.3 DESCRIPTION OF STU DY AREA

The SRS comprises approximately 300 square miles (mi2) within Aiken, Barnwell, and
Allendale counties in southwestern South Carolina.  The center of the SRS is 22.5 miles (mi;
36.2 kilometers (km)) southeast of Augusta, Georgia, approximately 100 miles from the
Atlantic Coast within the Upper Atlantic Coastal Plain Physiographic Province.  The
Savannah River forms the southwest boundary of the SRS.  The SRS lies on the Aiken
Plateau of the Atlantic Coastal Plain at an average elevation of 300 feet above mean sea level
(ft msl; 91 meters above mean sea level (m msl)).  The Aiken Plateau is well drained,
although many poorly-drained sinks and depressions exist, especially in upland areas.
Overall, the Aiken Plateau displays highly dissected topography, characterized by broad
inter-fluvial areas separated by narrow, steep-sided valleys.  Local relief can attain 280 ft
(85 m; Siple, 1967).  E-Area is located near the SRS geographic center (Figure 1).

2.3.1 Engineered Trench Area  Geology

The geology of the SRS includes sediments of the Atlantic Coastal Plain.  The Atlantic
Coastal Plain consists of southeast-dipping, unconsolidated and semi-consolidated strata that
extend from the Piedmont Province at the Fall Line to the edge of the continental shelf.
Strata range from Late Cretaceous to Miocene in age and rest unconformably on crystalline
and sedimentary basement rock.  The sediment comprises interbedded sand, muddy sand, and
mud (clay and silt), with a subordinate amount of calcareous sediment.  The sedimentology
of these strata indicates deposition in deltaic and near-shore environments that experienced
considerable fluvial influence (Fallaw and Price, 1995).  Several recent reports describe the
geology and lithostratigraphy of the SRS (Fallaw and Sargent, 1982; Colquhoun et al., 1983;
Logan and Euler, 1989; Fallaw et al., 1990; Aadland et al., 1991; Fallaw and Price, 1992; and
Aadland et al., 1995).

The ET will be constructed primarily within the “Upland Unit”, with the trench bottom near
the “Upland Unit”/Tobacco Road Formation contact.  The “Upland Unit” is an informal
stratigraphic term applied to terrestrial, probably fluvial, deposits that occur at higher
elevations in some places in the southwestern South Carolina Coastal Plain.  This unit
overlies the Barnwell Group’s Tobacco Road Formation in the South Carolina Upper Coastal
Plain, where SRS is located.  The unit occurs at the surface at higher elevations in many
places around and within the SRS, but it is not present at all higher elevations.  The
sediments are poorly sorted, clayey-to-silty sands, with lenses and layers of conglomerates,
pebbly sands, and clays.  Clay casts are abundant.  Weathered feldspar is abundant in places.
Color is variable and facies changes are abrupt.  The “Upland Unit” is up to 69 ft (21 m)
thick in areas at SRS.  Abrupt thickness changes are due to channeling of the underlying
Tobacco Road Formation during “Upland” deposition and subsequent erosion of the
“Upland” unit itself.    Much of this unit corresponds to the Miocene Hawthorne and
Formation, and the Tertiary alluvial gravels identified in previous publications (WSRC,
1997; WSRC, 2000b).



WSRC-TR-2001-00323

Page 6 of 298

Figure 1.  Savannah River Site, E Area, and Engineered Trench Area Location Map
(modified from WSRC, 2000b)
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The Late Eocene Tobacco Road Formation consists of moderately to poorly sorted, red,
brown, tan, purple, orange, and yellow, fine to coarse, clayey quartz sand.  Pebble layers are
common, as are clay laminae and beds.  Ophiomorpha burrows are abundant in parts of the
formation.  The sediments have the characteristics of lower Delta plain to shallow marine
deposits.  The top of the Tobacco Road Formation is characterized by the change from a
comparatively well sorted sand to the more poorly sorted sand, pebbly sand, and clay of the
overlying “Upland” unit.  Contact between the units constitutes the “Upland” unconformity.
The unconformity is very irregular due to fluvial incision that accompanied deposition of the
overlying “Upland” unit and later erosion, as mentioned in the previous paragraph.
Thickness is variable as a result of erosive processes, but is at least 50 ft (15 m) in places
(WSRC, 2000b; WSRC, 1997).

Subsurface characterization associated with the E-Area Vadose Zone Monitoring System was
performed in 1999.  The vadose zone underlying E Area extends to a depth of about 69 ft
(21 m).  E-Area disposal trenches, including the ET, are typically constructed within the
uppermost 26 ft (8 m).  Split-spoon sampling, Shelby-tube sampling and laboratory testing,
and PiezoCone Penetrometer Testing were used to develop a geological model for
determining optimum monitoring instrument locations.  The model indicates three three
major lithologic strata are located beneath the E-Area.  The A-stratum dominates the vadose
zone’s upper 23 ft (7 m), and is a predominantly clay layer (“Upland” unit).  The B-stratum,
characterized by higher sand content than either the overlying A-stratum or underlying
C-stratum, begins at about the 23 ft (7 m) depth and extends to approximately 59 ft (18 m)
depth (Tobacco Road Formation).  Within the underlying C-stratum’s predominantly silty
sands (Dry Branch Formation) is where the water table is located, just above the locally
termed “Tan Clay” (WSRC, 2000b).
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3.0 PARAMETERS

3.1 ENGINEERED TRENC H LOCATION AND CONFIGURATION

The ET is located in E Area (see Figure 1).  It will have a capacity of approximately 9,100
cubic meters in the first phase, with additional sections to be constructed as required.  The ET
is sized to allow stacking B-25s four-high.  Trench depth is approximately 17 to 20 ft (6 m)
below ground surface.  First phase trench-bottom dimensions are approximately 150 ft (45
m) x 210 ft (64 m).  First phase ground surface dimensions are approximately 200 ft (61 m) x
260 ft (79m), at a typical elevation of 280 ft (84.8 m) msl.

The trench bottom is compacted using a minimum of five passes of a vibratory roller having
a dynamic force of 30,000 lbs per drum.  The ET bottom is constructed with a geotextile
filter underlying a crusher run layer.  The geotextile is non-woven, spun-bonded, continuous
filament of 100 percent polypropylene, and providing a minimum puncture resistance of 70
lbs, a minimum Mullen Burst pressure of 140 psi., and equivalent apparent opening of 70 to
140 size sieve.  A granite gravel (Georgia Department of Transportation Standard
Specifications Section 815-01, also known as Georgia #25 Crusher Run) layer approximately
6 in. thick is placed atop the geotextile layer.  The gravel size gradation is:

Sieve Size Percent Passing by Weight
2 in. 100
1.5 in. 97-100
0.75 in. 60-90
#10 25-45
#60 5-30
#200 0-15

Once the trench is filled with B-25s, the B-25s will be covered in the same manner as the slit
trenches [i.e., minimum 4 ft (1.2 m) soil thickness, consolidated by the bulldozer pushing soil
over the tops of the B-25s].  The ET is being constructed using standard heavy-construction
equipment (e.g., backhoe and dump truck).  Construction details for the Engineered Trench
(formerly called the Mega Trench) are presented in Appendix A, which includes Design
Change Package C-DCP-E-00001.

The ET design allows extending the next trench section while operation continues in the
previous section.  A roadway leading into the ET is about 30 ft (9.1 m) wide, with a five-
percent grade, and designed to AASHTO HS-20 loads.  A flat-bed truck, fork lift, or crane
may be used for disposing B-25s.  A 35-ft-minimum (10.6-m-minimum) interior turning
radius for heavy equipment is allowed on the ET base.  The base is sloped to move water
runoff to a low-point sump for collection and pumping (using a portable pump on an elevated
surface).  The Performance Category is PC-1, designed per the SRS Engineering Standards
No. 01110.
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The ET bottom is constructed with a sump to collect any runoff for analysis prior to disposal.
Elevation for the first phase is 261 ft (79.1 m) msl along the trench-bottom perimeter, sloping
downward toward the sump perimeter at 260 ft (78.8 m) msl.  Sump-bottom minimum
elevation (top of Geoweb/concrete) is 243 ft (73.6 m) msl, with maximum depth 17 ft
(5.2 m).  Sump-top dimensions are approximately 60 ft (18.2 m) x 70 ft (21.3 m).  Sump-
bottom dimensions are approximately 30 ft (9.1 m) x 40 ft (12.2 m).  The sump is designed to
accommodate rainfall from a 6 hr.-25 year storm event for one-third of the ET area.

The ET floor is used to accommodate the difference between the design storm event (24 hr. -
500 year return period) and the 6 hr.-25 year storm event.  Water depth within the ET will not
be allowed to exceed 2 ft (0.61 m), to prevent B-25s from floating.  The sump design allows
the sump to be pumped out in 4 hrs.  A rigid pipe is located near the sump to move water
away from the sump and direct the water, at the top of the slope, toward the existing drainage
ditch.

The ET also has a small submersible non-clogging industrial pump, to feed a sample station
above the sump walls.  The sample station allows an operator to sample the small pump’s
discharge.  The existing performance assessment requires a minimum 25 ft (7.6 m) of
undisturbed soil between the trench floor and the underlying water table.  Sump sides have
designed slopes at 1:1.  Side-slopes are stabilized using 8 oz. minimum, geotextile fabric
overlain by 4-in. (0.1 m)-deep GW20V Geoweb (manufactured by Presto Products Co.,
Appleton, WI) with 4,000 psi. concrete infill.  Six TK-89 tendons per Geoweb section are
typical for all sump sides (SRS Engineering, 2000).

The ET walls are sloped to allow personnel to work safely at the trench base.  Typical
elevation at the top of the trench side-slope is 278 ft msl (84.2 m msl).  Minimum side-slope
is 1:1.  The side-slope is designed with a safety factor of 1.5 against slope stability failure
where site-specific strength data are not available.  Erosion control features for keeping the
walls intact include erosion control matting and seeding of slopes.  Life expectancy of the
entire trench is at least 20 years.

3.2 SOIL CHARACTERIST ICS

3.2.1 Vadose Zone Soil Moisture Content

E-Area Vadose Zone Monitoring System time domain reflectometer sensor data indicate that
water content is very consistent over time.  Average water contents are 0.284 m3/m3, from a
depth of about 18-20 ft bls in the Upland Formation; 0.181 m3/m3, from a depth of about
40 to 42 ft bls in the Tobacco Road Formation, and 0.266 m3/m3, from a depth of about 58 to
60 ft bls in the Dry Branch Formation.  Advanced tensiometer measurements indicate soil
tension is relatively constant, ranging between -100 cm (wetter) to -200 cm (dryer), and is
consistent with expected tensions for SRS soils.  Water potential appears unaffected by daily
or yearly infiltration events at the depths measured [approximately 18 ft (5.5 m) to about
60 ft (18.2 m)].  The total variation in water potential was less than 100 cm. in all
tensiometers over a 3.5 month study period (WSRC, 2000b).
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3.2.2 Soil Chemical Character istics

3.2.2.1 pH

SRS shallow soil chemical and physical properties from areas not impacted by DOE
activities are summarized in Looney, et al. (1990).  Overall, pH values are indicated from
4.15 to 6.22 for shallow (6 to 120 inches deep) samples obtained for their study.  Looney, et
al. (1990) also cites a previous study that indicates pH values from 4.09 to 7.17 for shallow
(surface to 30 inches deep) clayey soils and 4.69 to 5.68 for sandy soils.  The Looney, et al.
(1990) sampling depths are shallower than the ET total depth (up to 10 ft deep, rather than
20 ft deep).  However, the values do give an indication of the general pH range to be
expected for SRS soils - from just over 4 to just over 7.

Soil pH measurements obtained from backfill material (depth 9.5 ft) during the B-25
excavation on May 2 and 3, 2001, ranged from 5.3 to 5.7.  These measurements were made
using a Cole-Parmer Model 5992-62 soil pH electrode, consistent with American Society for
Testing and Materials (ASTM) designation G 51-95 (Reapproved 2000) Standard Test
Method for Measuring pH of Soil for Use in Corrosion Testing (ASTM, 2000).
Measurements were also made with pHydrion Vivid 1-11 pH color indication paper, made by
Micro Essential Laboratory, Brooklyn, New York.  Paper color indicated soil pH in the range
of 5 to 6.  These field values are generally consistent with the values used in the Dames and
Moore (1987) B-25 corrosion study based on literature values for pH and resistivity. SRS
soils were assumed to be acidic, with pH values ranging from 4.5 to 5.5.

3.2.2.2 Metals and Inorganic Compounds

SRS and E-Area background soil total metals values are summarized in Table 1.  SRS values
are from Looney, et al. (1990).  E-Area values are from samples obtained at approximately
20 ft to 24 ft below land surface (bls) in the Burial Ground Complex (EPD, 1995).

Chloride Chloride is commonly detected in SRS soils.  Concentrations ranging from
0.7 mg/kg to approximately 118 mg/kg are reported by Looney et al. (1990).

Nitrate Looney, et al. (1990) report nitrate in 70 percent of their 168 shallow soil
samples.  Concentrations range from below detection to 44.4 mg/kg.

Nitrite Nitrite is reported below the nominal detection limit for all samples (Looney,
et al., 1990).

Phosphate Phosphate is not commonly detected in SRS soils - Looney et al. (1990)
report detection in less than 10 percent of samples analyzed.  Concentrations
ranged from below detection to 13.7 mg/kg.

Sulfate Looney, et al. (1990) report sulfate detected in approximately 70 percent of
168 samples.  Concentrations ranged from below detection to approximately
25.1 mg/kg.
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Table 1.  Savannah River Site and Burial Ground Complex (E Area) Soils Total Metals
Concentrations

Constituent SRS Shallow Soils*
Concentration (mg/kg)

BGC Soils (20 ft bls)**
Concentration (mg/kg)

Copper ND to 14 ND to 9.3

Iron 886 to 79,600 5,300 to 35,000

Lead ND to 16.7 ND to 14

Magnesium 12.9 to 759 33 to 1,600

Manganese ND to 498 11 to 110

Mercury ND to 0.89 ND to 0.23

Nickel ND to 17.9 ND to 230

Potassium ND to 1,118 ND to 960

Selenium ND to 1.66 ND to 11

Silver ND to 1.8 ND to 3.7

Sodium ND to 760 ND to 110

Thallium ND 5.5 to 7.4

Vanadium ND to 72.1 13 to 98

Zinc 1.8 to 267 ND to 15

ND = Not Detected
*Looney, et al. (1990)
**EPD (1995)

3.2.2.3  B-25 Exhumation Soil Analytical Results

On May 2-3, 2001, a B-25 was exhumed in E Area as part of a corrosion study (see section
2.4.1).  A soil sample obtained adjacent to the B-25 on May 2, from a depth of 9.5 ft bls, was
shipped to Law-Gibb Engineering, Inc. (Law-Gibb) for analysis.  A summary of the
analytical results (Law-Gibb, 2001) is presented in Table 2.

The moisture content measurement reported in Table 2 is lower than would be expected
based on field observations during sampling and available reflectometer and Shelby tube data
from nearby sampling of similar material and depths (see Section 2.2.1 and Appendix B).
Shelby tube sample moisture measurements from depths similar to that from which the B-25
was exhumed range from 11.4 to 27.0 percent by weight (Appendix B).
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Table 2.  B-25 Exhumation Soil Sample Analytical Results (Law-Gibb, 2001)

Analytical Method Parameter Analytical Results

ASTM D854 Specific Gravity 2.67

ASTM D2216 Moisture Content (as
received)

1.9 percent by weight

ASTM D4972 pH 4.57

ASTM D516-90 Sulfate Ion <100 mg/kg

ASTM D512-90 Chloride Ion <21 mg/kg

ASTM G57 Resistivity (as received) 5.8 x 106 ohm-cm

ASTM G57 Resistivity (minimum) 3.0 x 104 ohm-cm

Additional resistivity and moisture measurement details were obtained by phone
conversation and fax from Law-Gibb (personal communication, Harry Johnson to William E.
Jones, October 16, 2001).  After discussing the reported Law-Gibb moisture content value, it
is concluded that the reported value does not reflect field conditions.  Soil moisture content
values representing field conditions are included in Section 3.2.3 and Appendix B.  The
additional resistivity and moisture measurements provided by Law-Gibb are listed below.

Resistivity (ohm-cm) Moisture Content
(percent by weight)

5.829 x 106 2.4

7.63 x 105 0.9

3.01 x 104 31.1

3.04 x 104 53.5

These resistivity and moisture content values suggest a resistivity of approximately
1 x 104 ohm-cm would be expected in typical ET area field moisture conditions.  This
resistivity value is also consistent with Dames and Moore (1987), a corrosion study wherein
a resistivity value of 1.0 x 104 ohm-cm is taken to be representative of soils to which B-25
would be exposed (see Section 2.4.1).  Based on resistivity and field and laboratory-reported
pH measurements, the soil encountered around the exhumed B-25 would be classified as
slightly corrosive according to United States Department of Agriculture Guide for
Interpreting Soils (USDA, 1971).



WSRC-TR-2001-00323

Page 14 of 298

3.2.3 Trench Area Geotechnic al Characteristics

At least 10 piezocone penetration tests have been performed and 10 geotechnical boreholes
drilled in the ET area.  Piezocone penetration test data include sleeve friction, tip resistance,
pore pressure, friction ratio, and resistivity.  Borehole data include standard penetration
testing blow counts, field classification, and soil descriptions.  Laboratory soil tests include
sieve analyses, Atterberg limits, moisture contents, density, and strength tests.  Results from
these tests are summarized in a letter report from William T. Li, Site Geotechnical Services.
The report is included as Appendix B.

The geotechnical data indicate four general soil layers above the water table.  These layers
are defined primarily by geotechnical properties measured by piezocone penetration testing
(e.g., tip stress and friction ratio), and are not necessarily the same as geologically or
hydrologically defined strata.  The ET will be constructed largely within the upper two
layers.  The surficial geotechnical layer, Layer A, is predominantly clayey sands with
intermittent sandy clay lenses, and ranges from about 5 to 15 ft (1.5 to 4.5 m) thick.
Underlying Layer A is Layer B, predominantly clayey sands and sandy clays ranging from
about 7 to 10 ft (2.1 to 3.0 m) thick.  Layer C underlies Layer B.  Layer C is about 25 ft
(7.6 m) thick, comprising predominantly clayey sands.  The lowermost few feet of some
portions of the ET may encounter the uppermost Layer C.  Most of the ET sump is within
Layer C.  Underlying Layer C, and including the water table in most areas of the ET, is
Layer D.  Layer D is predominantly silty sand, and about 6 to 9 ft (1.8 to 2.7 m) thick.

Layer A characteristics from soil samples EMTUD1-ST1 [Unified Soil Classification System
(USCS) soil classification SC] and EMTUD2-ST1 (USCS classification CH) include
moisture contents from 27.0 to 11.4 percent.  Atterberg limits for these two samples are
LL 53 to 90 percent, PL 25 to 35 percent, and PI 28 to 55 percent.

Layer B characteristics from soil samples EMTUD1-ST2 (USCS classification SC) and
EMTUD3-ST1 (USCS classification SC) include moisture contents from 15.0 to 15.8
percent.  Atterberg limits for these two samples are LL 44 to 49 percent, PL 26 percent, and
PI 18 to 23 percent.

Layer C characteristics from soil samples EMTUD2-ST2 (USCS classification SC) and
EMTUD4-ST1 (USCS classification SC) include moisture contents from 14.8 to 16.3
percent.  Atterberg limits for these two samples are LL 40 to 44 percent, PL 23 to 24 percent,
and PI 16 to 21 percent.  Additional geotechnical characteristics such as grain-size
distribution and triaxial compression tests for all soil samples are included in the letter report
presented in Appendix B.  A generalized geotechnical conceptual model is presented in
Figure 2.
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MC = 11.4 to 27.0%
USCS = SC to CH

MC = 15.8 to 15.0%
USCS = SC

MC = Moisture Content (percent by weight)
USCS = Unified Soil Classification System
CH = Inorganic Clays of high plasticity (fat clays)
SC = Clayey Sands
Note: for additional details, see Appendix B

Figure 2.  Engineered Trench Geotechnical Conceptual Model (not to scale)

3.3 DYNAMIC COMPACT ION

Dynamic compaction is simply dropping a heavy weight repeatedly to compact underlying
materials.  A dynamic compaction test for the Mixed Waste Management Facility (MWMF)
was performed in 1988 (Main, 1988 and 1989a; Phifer, 1991).  This testing was performed in
trenches with and without randomly dumped B-25s.  Therefore, it is of limited relevance to
dynamic compaction for a trench containing only stacked B-25s.  The testing showed that
dynamic compaction can be performed safely in both low-level and intermediate-level waste
trenches.

A large-scale E-Area dynamic compaction evaluation is described in McMullin and Dendler
(1994), McMullin (1994), and McMullin (1992).  The primary evaluation objective was to
determine if dynamic compaction of buried low-level waste trench materials would cause
damage or failure to the adjacent MWMF closure system.  Vibrations from dynamic
compaction were observed to potentially damage the kaolin clay cap, although cap hydraulic
conductivity was not affected.  Recommendations were to use a 50-ft buffer between
dynamic compaction locations and the MWMF cap.
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A second objective was to quantify the success of dynamic compaction in consolidating
buried B-25 containers containing low-level waste.  A full-scale model of an engineered low-
level waste trench with 168 B-25s stacked 4-high, 7-long, and 6-wide, containing simulated
waste was constructed adjacent to a 3-ft-thick kaolin clay cap similar to that of the MWMF.
An 8-ft-dia., 42,000 lb. weight was dropped from a height of 42 ft for either 20 drops or a
6-ft-displacement, which ever came first (Drop Zone A), or until displacement appeared to be
negligible (Drop Zone B).

Following the dynamic compaction, B-25s were exhumed and the degree of compaction
quantified.  In general, the upper B-25s were more compacted than the bottom B-25s.  The
upper B-25s formed a fused layer by lateral spread and interlocking, which may inhibit
further dynamic compaction effectiveness.  Some B-25s were breached.  Failed B-25s and
simulated waste materials were overlying each other so tightly that, in some cases, the cranes
extracting the containers tore metal rather than separating the containers.  The outside edges
of the B-25 matrix were not effectively consolidated.

Figure 3 shows the westerly edge of excavated B-25s (Area A compacted with traditional
success criterion; Area B over- compacted).  McMullin and Dendler (1994) indicates
compaction in drop Area B was about 30 percent greater than drop Area A.  Bottom B-25s in
Drop Zone A particularly showed little compaction, while those in Zone B showed more
consolidation.  In particular, the bottom B-25 tier was not compacted in Area A.  The overall
results were that while some B-25s were significantly compressed, others were not.

Figure 3.  View of 1993 Dynamic Compaction Test Results (McMullin and Dendler,
1994)
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The SRS Project Management Department performed dynamic compaction of 58 acres of the
Mixed Waste Management Facility in 1989.  The 1.5-acre trench (containing stacked B-25
containers) had previously received a 25-ft-thick static surcharge of soil over a one-year
period.  Dynamic compaction of this trench resulted in “…5 to 6 foot craters with an average
of 12 drops and final displacements between drops of less than ½-foot.” (Phifer, 1991).

Phifer and Serrato (2000) estimate SRS dynamic compaction costs at $100,000 for
mobilization/demobilization, and $200,000 per acre.  They go on to recommend evaluation
of the following:

• Biodegradable waste minimization

• Use of low-density, high-strength, durable material to fill B-25 void space

• B-25 corrosion study

• Replacement of carbon steel with non-corroding material

• Placement of waste and soil in layers which are individually compacted

• Use of grout or lean fill to fill void spaces between containers

3.4 SUBSIDENCE

An early E-Area trench subsidence study is documented in Dames and Moore (1987).  The
study evaluated subsidence related to trench disposal (including Engineered Low-Level
Trench Number 1) using B-25s in the Mixed Waste Management Facility, near the ET.  At
the time of the study, typical B-25 void space was estimated at 70 percent.  Waste material
was assumed to be rubber materials (30 percent), paper materials (30 percent), cloth articles
(20 percent), plastic articles (18 percent), and tools (2 percent).  Failure modes analyzed by
plate-and-shell theory to estimate potential subsidence included:

• Elastic shortening or deformation of containers due to weight of soil cap and
overlying containers with waste

• Buckling potential of the metal containers as construction of the soil cap
commences

• Total collapse of the metal containers with complete closure of the void space and
consolidation of the waste contents

• Effect of corrosion on the long-term subsidence

Subsidence due to linear elastic B-25 deformation or shortening was determined to be
insignificant.  Buckling analysis (not including increased resistance from neighboring B-25s,
contents, B-25 lid and base, or inherent rigidity) indicated the B25s would begin to crush
before the soil cap was completed.  With 1 ft to 10 ft of soil loading, the bottom B-25 in a
stack of 4 would begin to collapse, and the top B-25 would show signs of distress and begin
to buckle.  The uncertainty inherent in the buckling analysis was estimated as a factor of 2 to
5, with results that agreed closely with an SRS load test (to failure) of a B-25.  A summary of
that load test, simulating loading that the lid of the uppermost B-25 would experience under
uniform loading from the fill material, is presented in Table 3.
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Table 3.  Load Test Results (Dames and Moore, 1987)

Load (lbs) Observations
Equivalent Height
of Soil* (ft)

  7,300 Lid began to buckle, breach of containment 3.3

12,000 Failure of corner 5.5

26,000 Continued wall buckling, lid pulled away from
container

11.8

34,000 Risers and lower perimeter began to deform 10.1

41,000 Continued deformation 12.2

46,000 Total lower perimeter failure, containment breached 13.7

Based on estimated soil unit wt. 120 pounds per cubic ft.

Dames and Moore (1987) concludes that B-25 buckling would occur in a random manner
over a long time period throughout the ELLT-1 trench, partly due to restraint provided by
surrounding B-25s.  Collapse would first occur under the soil cap crown, where stress is
greatest.  An estimated 25 to 33 percent of the total void space in the four stacked B-25s
would be lost due to initial random failure [approximately 2.5 to 3.5 ft (8.3 to 1.1 m) of
subsidence].  Over time, uneven corrosion effects would cause additional collapse, inducing
additional random failures.

Maximum subsidence where B-25s were stacked 4-high in ELLT-1 was expected to be
approximately 14.5 ft (4.4 m), or a reduction in total height of 83 percent.  A 75 percent
reduction in waste material thickness (50 percent of the waste was expected to decompose)
was expected.  The 14.5 ft (4.4 m) of ultimate subsidence was expected to occur regardless of
the amount of fill placed above the B-25s, since it represents closing of void space and waste
compression.  Overall, subsidence was expected to progress as an initial settlement during
construction, followed by progressive, somewhat erratic settlement over a long time (Dames
and Moore, 1987).

The actual height of soil anticipated to be placed over ET B-25s is in the order of 4 to 6 feet
(1.2 to 1.8 m).  So, initial collapse might be expected to be less that this model suggests.
However, the May 3, 2001, exhumation of a B-25 that had been buried in March 1993
showed that the lid had been forced into the B-25 by the overlying 8 ft (2.4 m) of soil.  This
indicates a possible initial collapse of about 1 to 2 feet

Yau (1986) describes the B-25 structural response to burial as occurring from two different
loading patterns.  The uppermost containers are subjected to distributed soil pressure on the
lid plates.  All underlying B-25s are subjected to compression of the wall plates because the
bottom plate of each B-25 is stiffened by girders that transmit the soil pressure from the top
to the wall plates rather than the lid plates of the B-25 layers underlying the uppermost B-25
layer.  Table 4 summarizes B-25 deformation characteristics described in Yau (1986).
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Table 4.  B-25 Deformation With Applied Weight (Yau, 1986)

B-25 Lid Plate Deformation (uppermost B-25s directly overlain by soil)

PSI Lbs Lbs/ft2 Equivalent Height
of Soil (ft)*

Occurrence

0.2 660 28 0.27 inelastic lid deformation begins

1.3 4,500 190 1.8 bent rim starts to unbend

3.6 12,000 505 4.8 lid starts to slip

7.8 26,000 1,095 10.5 lid starts to cave into container

Side Plate Deformation (B-25s underlying the uppermost B-25 layer)

PSI Lbs Lbs/ft2 Equivalent Height
of Soil (ft)*

Occurrence

8.5 29,000 1,220 11.7 buckling of sides begins

11.7 40,000 1,685 16.2 complete B-25 collapse

*Assumes soil weight 90 lbs/ft3 dry density (104 lbs/ft3 wet density).  Test results describe
behavior of single B-25 stack, and does not include side plate support provided by adjacent
stacked B-25s.  Actual B-25s in trench would require greater loading to produce deformation
due to side support provided by adjacent B-25s.

Performance of a kaolin cap as the result of subsidence was evaluated by Dr. Richard C.
Warner in a 1988 field demonstration.  The demonstration concluded that a 2-ft compacted
kaolin clay layer can span a 3 to 3.5-ft-wide cavity without subsiding.  A 4-ft-wide cavity
would eventually cause the layer to fail and subside.  Warner’s study also demonstrated that
saturated soil conditions reduce the cavity-width that a kaolin layer can span (Phifer and
Wilhite, 2001).

The SRS Environmental Restoration Department performed a clayey sand and Flexible
Membrane Liner (FML) / Geosynthetic Clay Liner (GCL) cap subsidence field
demonstration during 1992 and 1993.  Table 5 provides a summary of the demonstration
results along with a comparison to Warner’s kaolin clay cap subsidence field demonstration.
Other observations made during this demonstration include the following (Phifer and
Wilhite, 2001):

• Failure began at the center of the cavity for both the clayey sand and FML/GCL
caps.

• Significant surface loading (i.e. 7500 lbs/ft2) on the clayey sand and FML/GCL
caps with underlying cavities could cause failure in a very short duration.

• Clayey sand and FML/GCL caps with underlying cavities and no surface loading
could span the cavities for significant periods prior to failure (i.e. 3 months).
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Table 5.  Closure Cap Subsidence Demonstration Summary Results (Phifer and
Wilhite, 2001)

Parameter Kaolin Cap 1 Clayey Sand Cap 2 FML/GCL Cap 3

Span at Failure (ft),
Unsaturated
Conditions

4 6 7

Span at Failure (ft),
Saturated Conditions

2.5 5 7

Hydraulic
Conductivity (cm/s)

1.2E-08 2E-06 1E-10

Underlying Cavity
Impact on Hydraulic

Conductivity

Increased prior to
collapse

Remained constant
until collapse

Remained constant
with strain until
tensile failure

occurred (i.e. tearing)

Mode of Failure Catastrophically Catastrophically Incremental
subsidence until
tensile failure

1 2-foot thick kaolin clay layer (>90% passing #200 sieve)
2 2-foot thick clayey sand layer [SC material based on the Unified Soil Classification System
(USCS)]
3 A 40-mil thick, high density polyethylene (HDPE), flexible membrane liner (FML) over a
geosynthetic clay liner (GCL) containing bentonite over a 2-foot thick clayey sand layer
(USCS SC material) (Serrato, 1994)

An examination of long-term waste subsidence potential for the ET is documented in Phifer
and Wilhite (2001).  Their study evaluates subsidence associated with B-25 disposal with and
without dynamic compaction after placement within the ET, and with and without super
compaction of waste prior to placement within B-25s.  Their recommendations are that the
following options receive further consideration along with other options that may be more
technically effective and cost efficient:

• Use of tertiary dynamic compaction

• Combined use of the Waste Sort Facility/Supercompaction Facility and tertiary
dynamic compaction

Use of B-25 containers results in a large inherent subsidence potential which cannot be
totally eliminated by any of the methods evaluated.  Changing to a disposal container with
less structural integrity or waiting until the B-25 containers have degraded before performing
dynamic compaction might reduce the subsidence potential more than the cases evaluated.
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Phifer and Wilhite (2001) recommend that the use of B-25 containers for waste disposal in
Engineered Trenches be reconsidered.  B-25 container usage results in a large inherent
subsidence potential, and is assumed to require an extended period requiring post-closure
maintenance.  Both of these conditions result in high long-term maintenance costs.  If it is
determined that B-25 containers will continue to be used, they recommend that an evaluation
be conducted to optimize subsidence treatment, capping, and long-term maintenance
strategies.  Phifer and Wilhite (2001) recommend the SRS Solid Waste Division take an
integrated approach that considers the implications of and interactions between disposal
operations, subsidence treatments, closure methodology, and long-term maintenance
requirements.  Such an approach would produce an overall strategy which is both technically
effective and cost efficient.

3.4.1 Static Surcharge

A monitoring program to investigate the effects of applying a static load, or surcharge, on
stacked B-25s in an SRS trench is described in a letter report by Chas. T. Main, Inc. (Main,
1989b).  The one-year program evaluated the potential of large overburdens [25 ft (7.6 m)
soil thickness] to induce subsidence on stacked B-25s in Engineered Low Level Trench
Number 1 (ELLT #1).  The report concludes that surcharging yields 2 to 3 ft (0.6 to 0.9 m) of
settlement, and is not an acceptable method of waste densification for trenches containing
stacked B-25s.  These results appear consistent with observations in the preceding paragraph
that indicate greater loading is required to produce deformation when B-25s are stacked side-
by-side than a load placed on a single B-25 stack.

3.4.2 Subsidence Potential and  Subsidence-Potential Reduction

Phifer and Wilhite (2001) present an evaluation of ET subsidence potential and subsidence-
potential reduction.  Their in-depth study uses the most recent and complete information
regarding the ET B-25 configuration and subsidence-reduction measures that are presently
being considered by Solid Waste.  The basic B-25 configuration is presented in Figure 4.

The subsidence-reduction measures evaluated by Phifer and Wilhite (2001) assume the waste
bulk density will eventually become 1.5 g/cm3.  This density is both a typical bulk density for
soil and within the range of bulk density measured for exhumed buried waste at the SRS
Sanitary Landfill.  Another starting-point assumption is the base relative subsidence potential
against which the subsidence treatment methods are evaluated: 15.1 ft (4.6 m) for a stack of
four uncompacted B-25 containers prior to placement of the interim soil cover.

The first subsidence-reduction method is placement of the interim soil cover over the
uncompacted B-25s.  This likely results in pushing the uppermost B-25’s lid into the
container, resulting in elimination of about 1.5 ft (0.46 m; 9.9 percent reduction) of
subsidence potential.
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Figure 4.  B-25 Containers Stacked Four-High (Phifer and Wilhite, 2001)

Processing the waste through the WSF/SCF prior to disposal and placement of the interim
soil cover likely results in a relative subsidence potential of 11.7 ft (3.57 m; 22.5 percent
reduction).  The subsidence potential for standard dynamic compaction (treats about 50
percent of trench surface area) of B-25s containing waste that has not been processed through
the WSF/SCF is 10.4 ft (3.16 m; 31.9 percent reduction).  The subsidence potential for
tertiary dynamic compaction (treats 100 percent of trench surface area) of B-25s containing
waste that has not been processed through the WSF/SCF is 7.2 ft (2.18 m; 52.5 percent
reduction).

Standard dynamic compaction of B-25s containing waste that has been processed through the
WSF/SCF has a subsidence potential of 9.2 ft (2.79 m; 39.4 percent reduction).  Tertiary
dynamic compaction of B-25s containing waste that has been processed through the
WSF/SCF has a subsidence potential of 6.6 ft (2.01 m; 56.3 percent reduction).  A summary
of subsidence-reduction methods, subsidence potential, and percent subsidence potential
reduction is presented in Table 6.
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Table 6.  Relative Subsidence Potential and Relative Subsidence Potential Reduction
(Phifer and Wilhite, 2001)

Subsidence Treatment Method Relative Subsidence
Potential (ft)

Relative Subsidence
Potential Reduction (%)

Base Subsidence Potential 1 15.1 0.0

ISC 13.6 9.9

ISC and WSF/SCF 11.7 22.6

ISC and SDC 10.4 31.2

ISC and TDC 7.2 52.4

ISC, WSF/SCF, and SDC 9.2 39.5

ISC, WSF/SCF, and TDC 6.6 56.3
1 Subsidence Potential of a stack of four uncompacted B-25 boxes prior to the placement of
the interim soil cover
ISC = Interim Soil Cover; WSF/SCF = Waste Sort Facility / Super Compactor Facility;
SDC = Standard Dynamic Compaction; TDC = Tertiary Dynamic Compaction

3.4.3 Corrosion

McMullin and Dendler (1994) point out that the B-25 design purpose is to contain low-level
waste at the generation point, to protect workers, and to facilitate transportation to the burial
site.  B-25s were not intended to provide waste containment within a burial location.  They
do, by default, help minimize waste migration.  The B-25 containers used in the dynamic
compaction testing revealed that dynamic compaction accelerated the B-25 corrosion rate by
bending and tearing the metal and by breaking the protective paint bonds.  As part of an
earlier corrosion study, 3 B-25 containers were buried uncompacted at a location near the
dynamic compaction test location.  When those B-25s were exhumed after four years, they
showed no observable corrosion.  After being in the ground for 6 months, the dynamically
compacted B-25s demonstrated accelerated corrosion and degradation (McMullin and
Dendler, 1994).

A detailed corrosion evaluation based upon an exhumed E-Area B-25 is in preparation.  The
B-25 was exhumed on May 3, 2001, from a depth of about 8 to 12 ft bls.   Soil samples were
obtained for corrosion related laboratory analyses.  The corrosion evaluation is being led by
Kerry Dunn, Savannah River Technology Center (SRTC).  Conclusions from the corrosion
evaluation, including a paradigm for corrosion rates and B-25 stability through time, will be
used in the future for predicting subsidence rates.  A description of the excavation and
photographs of the B-25 prior to burial and during exhumation are included in Appendix C.
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The B-25 exhumed for corrosion evaluation was one of those used for the dynamic
compaction test.  The B-25 was somewhat flexed in some areas when buried, but in overall
structurally sound shape. Photographs of the B-25 prior to burial are included in Appendix C.
The exhumed B-25 showed a fairly consistent covering of blistered outer paint layer
underlain by either primer or pitted steel (Appendix C).  This suggests that corrosion
becomes apparent on painted, relatively undamaged portions somewhere between 4 and 8
years after burial for uncompacted B-25s.  The dynamic compaction test results indicate that
if corrosion minimization is important, dynamic compaction should not be used.

Corrosion was evaluated in the Dames and Moore (1987) study based on literature values for
pH and resistivity.  SRS soils were assumed to be moderately to strongly acid, with pH
values ranging from 4.5 to 5.5.  These values are consistent with those measured by soil pH
probe (5.4 to 5.7) and pH indicator paper (5 to 6 range) during the May 3, 2001, B-25
exhumation.  Electrical resistivity values ranging from 3.0 x 103 ohm-cm to 3.5 x 104 ohm-
cm were cited for F- and H-Area soils by Dames and Moore (1987), with a value of 1.0 x 104

ohm-cm taken to be representative.

Resistivity values ranging 5.8 x 106 ohm-cm (as received) to 3.0 x 104 ohm-cm (resistivity
minimum), depending on soil moisture, are reported for the soil sample obtained during the
May 2001 B-25 exhumation (see Section 3.2.2).  Based on these measurements, a value of
1 x 104 ohm-cm is believed to represent typical field moisture conditions, substantiating the
Dames and Moore (1987) assumption.  Overall, Dames and Moore (1987) considered the soil
moderately to mildly corrosive.  Assuming a pH of 4.5 and soil resistivity of 1.0 x 104 ohm-
cm, Dames and Moore (1987) estimated 30 years would be required to perforate 14-gauge
carbon steel.

Maximum subsidence where B-25s were stacked 4-high in ELLT-1 was expected to be
approximately 14.5 ft (4.42 m), or a reduction in total height of 83 percent.  A 75 percent
reduction in waste material thickness (50 percent of the waste was expected to decompose)
was expected.  The 14.5 ft (4.42 m) of ultimate subsidence was expected to occur regardless
of the amount of fill placed above the B-25s, since it represents closing of void space and
waste compression.  Overall, subsidence was expected to progress as an initial settlement
during construction, followed by progressive, somewhat erratic settlement over a long time
(Dames and Moore, 1987).

3.5 CONTAINER CHARAC TERISTICS AND CONFIGURATION

As described in Phifer and Wilhite (2001), data from the SRS Waste Information Tracking
System (WITS) on about 6,900 waste containers meeting Waste Acceptance Criteria (WAC)
for the Engineered Trench are presented in Table 7.  The containers are those located in the
Low Activity Waste Vault (LAWV) and temporary storage areas associated with the LAWV
(i.e.,  TRAN1,  TRAN2,   TRAN5,   TRAN6,  and  TRAN7) and containers located in the
Engineered Trench and associated temporary storage areas (i.e., ET-TSA).  The information
presented, for each type of container, includes the container description, the number of
containers, and the average density for that container type.  Statistics (i.e., average, standard
deviation, minimum, maximum, and median) on the density of containers are also presented.
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Table 7.  Waste Containers meeting Engineered Trench Waste Acceptance Criteria
(Phifer and Wilhite, 2001)

Container Description
Number
of Boxes

Average
Density, g/cc

Standard
deviation

Minimum
Density

Maximum
Density

Median
Density

SRS Uncompacted B-25 Boxes:
Pass WSF Screening Criteria
B-25 (YELLOW)-LIGHT 818 1.853E-01 1.616E-01 1.779E-02 1.119E+00 1.387E-01
B-25 (6,000# CAP) 672# 25 1.281E-01 5.011E-02 5.623E-02 2.354E-01 1.103E-01
B-25 (YELLOW) 575# 1042 1.965E-01 1.745E-01 3.024E-03 1.183E+00 1.424E-01
B-25 (YELLOW) 625# 1777 1.427E-01 6.265E-02 1.832E-02 3.549E-01 1.291E-01
B-25 OVERPACK - UNRESTRICTED 5 1.926E-01 3.188E-02 1.576E-01 2.411E-01 1.865E-01
B-25(YELLOW) 440 LBS 87 1.734E-01 6.499E-02 6.589E-02 3.456E-01 1.654E-01
Super Compactor B-25 (575#) not compacted 1 1.658E-01 NA
B-25P (Purple Compactor B-25) not compacted 12 9.391E-02 5.204E-02 2.633E-02 1.713E-01 8.681E-02
Total SRS uncompacted  B-25s meeting WSF 
Screening Criteria

3767 1.673E-01 1.291E-01 3.024E-03 1.183E+00 1.357E-01

  Fail WSF Screening Criteria
B-25 (YELLOW)-LIGHT 156 1.865E-01 1.475E-01 3.273E-02 6.790E-01 1.248E-01
B-25 (YELLOW) 575# 244 2.284E-01 1.908E-01 1.512E-02 8.405E-01 1.424E-01
B-25 (YELLOW) 625# 288 2.088E-01 1.695E-01 4.145E-02 8.627E-01 1.251E-01
B-25 OVERPACK - UNRESTRICTED 10 1.774E-01 4.375E-02 1.068E-01 2.545E-01 1.775E-01
B-25(YELLOW) 440 LBS 18 3.205E-01 1.744E-01 4.678E-02 5.950E-01 3.779E-01
B-25P (Purple Compactor B-25) not compacted 27 1.962E-01 9.140E-02 3.842E-02 3.132E-01 2.209E-01
Total SRS uncompacted B-25s not meeting WSF 
Screening Criteria

743 2.124E-01 1.707E-01 1.512E-02 8.627E-01 1.359E-01

SRS B-25 Boxes containing supercompacted waste 779 7.201E-01 9.854E-02 4.468E-01 1.341E+00 7.089E-01
SRS B-25P (Purple Compactor B-25) compacted 183 4.371E-01 8.379E-02 2.448E-01 7.208E-01 4.470E-01
SRS B-12 434 4.763E-01 3.288E-01 1.107E-02 1.726E+00 4.134E-01
Non SRS Boxes:

BETTIS 12,500 CAPACITY B-25 128 1.036E+00 2.399E-01 1.116E-01 1.326E+00 1.085E+00
B-25(BETTIS) 284 4.298E-01 2.163E-01 3.735E-02 1.039E+00 3.949E-01
B-25, KAPL, Stng Tight, Unres. 211 4.050E-01 1.863E-01 1.270E-01 9.360E-01 3.691E-01
B-25 TYPE A (KNOLL-KAPL) 10 2.972E-01 1.678E-01 1.387E-01 5.657E-01 2.259E-01
B-25 PINELLAS 1 5.424E-02 NA NA NA NA
B-12(BETTIS) 17 1.270E+00 3.222E-01 1.506E-01 1.669E+00 1.290E+00
B-12, KAPL, Stng Tight, Unrest 66 8.4541E-01 4.661E-01 2.470E-01 2.694E+00 7.699E-01
B-12 STRONG TIGHT (KNOLL) 5 1.368E+00 1.354E-01 1.227E+00 1.553E+00 1.317E+00
B-12 Type A (Knolls) 1 1.705E-01 NA NA NA NA

Total non-SRS boxes 723
Miscellaneous Containers

55-Gal Drum (A,7A) 12 NA NA NA NA NA
Box for Jumper P-PJ-H-7878 1 NA NA NA NA NA
Empty 30-Gallon SS Drum 2 NA NA NA NA NA
NMSS Container for PVV 3 NA NA NA NA NA
B-1000 AGNS 2 NA NA NA NA NA
55 Gal Drum (UN1A2) 41 NA NA NA NA NA
55 Gal Drum (17H Bettis) 9 NA NA NA NA NA
Bettis DOT 7A Type A 7 NA NA NA NA NA
KAPL-Windsor (B-82) 49 NA NA NA NA NA
KAPL-Windsor (B-87) 2 NA NA NA NA NA
KAPL-Knolls 55-gal drum 9 NA NA NA NA NA
KAPL-Kesselring 01-2800 25 NA NA NA NA NA
BAPL-Mixed Fission Products 4 NA NA NA NA NA
BAPL-Unirradiated Alpha 1 NA NA NA NA NA
KWD-Low Specific Activity 1 NA NA NA NA NA
SEG  OP45(Retired Do Not Use) 34 NA NA NA NA NA
SRTC One-Time Shielded Cell 1 NA NA NA NA NA
SEG OP45 7 NA NA NA NA NA
KAPL-Windsor Steam Gen Un-Res 5 NA NA NA NA NA
SRTC Box – 16,000 LB. Capacity 1 NA NA NA NA NA
SRTC Box – 2000 LB. Capacity 1 NA NA NA NA NA
55-Gallon Drum, Carolina Metal 4 NA NA NA NA NA
85-Gallon, Stain. Steel Drum 15 NA NA NA NA NA
85-Gal Carbon Steel Drum, SW 3 NA NA NA NA NA
Empty Bung Hole 55-Gallon Drum 1 NA NA NA NA NA

Total Miscellaneous 240
Total Number of Containers 6869
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The data are subdivided into several categories, SRS containers, non-SRS containers, and
miscellaneous containers.  The SRS containers are further subdivided into the following
categories:

• B-25 containers containing non-compacted waste that pass the Waste Sort Facility
(WSF) screening criteria

• B-25 containers containing non-compacted waste that fail the WSF screening
criteria

• B-25 containers containing supercompacted waste

• B-25 containers containing compacted waste from the 253-H compactor (purple
containers)

• B-12 containers

The non-SRS containers are subdivided into two categories:  B-25 containers and B-12
containers.

To facilitate projection of waste subsidence and consequent trench cap disruption, only the
SRS B-25 containers containing non-compacted and supercompacted waste were considered
by Phifer and Wilhite (2001).  These containers represented 77% of the total number of
containers.  The B-25 containers containing compacted waste from the 253-H compactor
were not included because that compactor is no longer operational.

The inside dimensions of B-25 containers are 1.83 meters long, 1.17 meters wide and
1.19 meters high (6 feet long, 3.83 feet wide, and 3.917 feet high).  The outside dimensions
are 1.85 meters long, 1.19 meters wide and 1.32 meters high (6.078 feet long, 3.911 feet
wide, and 4.323 feet high).  The interior volume of a B-25 is 2.55 m3 (90 ft3) (Phifer and
Wilhite, 2001).

Waste received for potential supercompaction was considered by Phifer and Wilhite (2001)
to be processed in one of the following two ways:

• Waste received from the generators in B-25 Containers is processed through the
WSF, if it passes the WSF screening criteria, and it is supercompacted in the
Super Compactor Facility (SCF), if it passes the SCF compaction criteria.

• Pre-sorted compactable waste is also received at the SCF from the generators in
55-gallon drums.  This waste is ready for supercompaction and does not require
processing through the WSF.

Approximately 30% of the B-25 containers received, on the average, do not pass the WSF
screening criteria.  Of the B-25 containers sent to the WSF/SCF, about 15% are rejected
because the contents were unacceptable for supercompaction.  Therefore, Phifer and Wilhite
(2001) assume that 60% of the SRS B-25 containers received by SWD can be
supercompacted.
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These B-25 containers which can be supercompacted, are supercompacted by removing the
waste from the B-25 containers and placing it in 55-gallon drums.  The drums are then
supercompacted.  The supercompacted drums are then loaded into a B-25 container prior to
emplacement in the Engineered Trench.

The 779 supercompacted SRS B-25 containers listed in Table 7 contained 6,095 compacted
55-gallon drums of waste that were received directly from the generators at the SCF ready
for compaction and therefore were not processed through the WSF.  Phifer and Wilhite
(2001) assume that the split between compacted 55-gallon drums of waste both processed
through the WSF and received directly from the generators at SCF is accurately represented
by the fraction of each type of drum in the supercompacted SRS B-25 containers.  On the
average, 40 supercompacted drums are contained in a B-25 container.  The median number
of drums is 39, the maximum is 68, the minimum is 24, and the standard deviation is 7.5
drums.  Empty 55-gallon drums weigh 36 ± 7.2 pounds (1.633E04 ± 3.266E03 grams).

From Table 7, the average density of uncompacted B-25 containers that pass the WSF
screening criteria is 0.1673 grams per cubic centimeter (g/cm3).  The average density of
uncompacted B-25 containers that do not pass the WSF screening criteria is 0.2124 g/cm3

(see Table 7).  The average density of B-25 containers containing supercompacted waste is
0.7201 g/cm3 (Table 7).  The average weight of B-25 containers, including the container
itself, that pass the WSF screening criteria but fail the SCF compaction criteria is 748,430 g.

Based upon the above data, Phifer and Wilhite (2001) have determined the following:

• Using the SCF facility, both uncompacted and supercompacted B-25s would be
disposed in the Engineered Trench.  Figure 5 provides the WSF/SCF B-25
process flow diagram based upon the receipt of 100 B-25 boxes by SWD.  As
shown in Figure 5, every 100 B-25 boxes received by SWD that meet the WAC
for the Engineered Trench result in the following for disposal in the Engineered
Trench:

- Approximately 40 uncompacted B-25 boxes with an average waste density of
0.2067 g/cm3 would be produced.

- Approximately 21 supercompacted B-25 boxes with an average waste density
of 0.7201 g/cm3 would be produced due to processing through the WSF.

- Approximately 5 supercompacted B-25 boxes with an average waste density
of 0.7201 g/cm3 would be produced due to pre-sorted compactable waste
received from the generators in 55-gallon drums.

- A total of approximately 66 B-25 boxes with an average waste density of
0.4088 g/cm3, of which approximately 39% are supercompacted and 61% are
uncompacted, would be disposed in the Engineered Trench.
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100 B-25s Received
for WSF Screening

 0.1807 g/cm3

WSF Screening
Criteria

70 B-25s

0.1673 g/cm3

30 B-25s

0.2124 g/cm3
SCF Compaction

Criteria

70%
Pass

30%
Fail

15%
Fail

85%
Pass 60 B-25s

0.1632 g/cm3

10 B-25s

0.1906 g/cm3

40 Uncompacted B-25s

0.2067 g/cm3 SCF Supercompaction

21 Supercompacted B-25s

0.7201 g/cm3

Disposal of 66 B-25s in the
Engineered Trench

0.4088 g/cm3

Waste Placed in 40
55-gallon Drums per B-25

0.2562 g/cm3

204 55-gallon Drums of
Waste Received at SCF;
Equivalent to 14.5 B-25s

0.1632 g/cm3

5 Supercompacted B-25s

0.7201 g/cm3

Figure 5.  Waste Sort Facility/Super Compactor Facility  B-25 Process Flow Diagram
(Phifer and Wilhite, 2001)
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• If the B-25 containers meeting the Waste Acceptance Criteria (WAC) were not
processed through the WSF/SCF prior to disposal in the Engineered Trench, and
if the waste received directly from the generators in 55-gallon drums was instead
received in B-25 containers, the average density of the waste within the
uncompacted B-25s would be 0.1785 g/cm3.

• The average B-25 container in an Engineered Trench containing B-25s which
have been processed through the WSF/SCF is equivalent to 1.72 average B-25
boxes in an Engineered Trench containing only uncompacted B-25s on a mass
equivalent basis. Processing through the WSF/SCF results in disposal of a mixture
of supercompacted and uncompacted B-25 boxes.

The majority of waste containers to be placed in the ET will be 90 cubic ft B-25 containers.
B-25s are made of hot-rolled, 12-gauge carbon steel (ASTM-A569-93).  Some older
documents refer to 14-gauge low-carbon steel construction (Dames and Moore, 1987; Yau,
1986).  Both interior and exterior are painted.  Both an older (1986) B-25 procurement
specification referring to 14-gauge steel and a more recent (2000) B-25 procurement
specification referring to 12-gauge steel are included in Appendix D.

According to Yau (1986), mechanical properties like tensile and yield strength are not
published by steel producers, because the steel in thin sheet form is not suitable for
consideration of structural resistances.  Yau (1986) cites personal communication with
Bethlehem Steel, Inc., indicating minimum yield strength of Y = 35 ksi, and tensile strength
of U = 43 ksi.  Because of its high ductility with a maximum strain of 35 percent, the sheet
metal is generally used for deformable containers.  The side plates are stiffened by V-shaped
crimps, and the bottom plate is stiffened by three channel risers (also called girders).  Only
the lid plate is not stiffened.  The lid plate has a turned-down rim, which folds over the side
like a shoe container cover.  When the container is ready for burial, up to 12 angled steel
pegs approximately 3 in. wide are driven into the buckles on the side walls to secure the lid.

3.6 SOFT-SIDED CONTAI NERS

Another containerization method under consideration for ET application is soft-sided
disposable containers.  Two vendors have demonstrated this technology at SRS.  For
information purposes, the available vendor’s product is described here.

The Transport Plastics, Inc., Lift-Liner soft-sided waste packaging system includes a
25-ml. woven outer polypropylene fabric shell with a 2-ml. Water-resistant coating and a
45-ml. double layer polypropylene inner liner.  The outer shell is equipped with 18 lifting
straps made of 2 in. polyester seat belt webbing material.  The containers meet the U.S.
Department of Transportation (DOT) requirements for transport of low specific activity and
surface contaminated objects.
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The system includes a loading frame used to support the shell and inner liner during loading
and a lifting/spreader bar.  The lifting/spreader bar attaches to the lifting straps for hoisting
the container from the loading frame onto a transport vehicle.  A small forklift can move the
empty loading frame and lifting/spreader bar.  The empty bags are light and compact enough
to move by hand.  Each container has a capacity of 260 cubic ft and holds up to 24,000 lbs.
This is almost three times the weight and capacity of a B-25.  There is a one-time cost of
about $7,000 for the loading frame and lifting/spreader bar.  The soft-sided containers cost
about $380 per bag.  This results in a savings of about $1,800 in container cost for each bag
filled versus filling three B-25s.  Smaller size bags equivalent in size to a B-25 are also being
developed and tested.

Soft-sided containers are currently being evaluated at SRTC by B.T. Butcher and co-workers,
as replacements for some B-25s at SRS.  One obvious advantage over B-25s is the very
significant reduction in void space, with concomitant reduction in subsidence and increase in
long-term stability.  Soft-sided containers might be placed similarly to sanitary waste, with a
layer of soil between layers of containers.  Even with layers of soil, compaction could result
in a total waste/compacted soil thickness only half the height of the current 4-high B-25
height.

One disposal method (conceived by Mark Phifer) that could be considered for finite element
modeling is placement of soft-sided containers in a “pillow” configuration.  The “pillow”
could be covered by a bentonite or high-density polyethylene (HDPE) “cap,” and possibly
underlain by a bentonite or HDPE seal and/or a gravel capillary break.  The “pillow” could
also be overlain by 10 to 12 ft of native soil (providing static surcharge, compaction, and
isolation from intruders).  The native soil could be covered at the surface by climax
vegetation.  Such a configuration could provide truly long-term stability with minimal
subsidence and maintenance.

3.7 WASTE CHARACTER ISTICS

The ET will contain low-level radioactive waste (LLW).  LLW is radioactive waste that is
not classified as high-level waste, transuranic waste, spent fuel, or by-product material as
defined in DOE Order 435.1, and does not contain Resource Conservation and Recovery
Act-regulated hazardous waste (WSRC, 2000d).  It consists of radioactively-contaminated
materials such as miscellaneous job control waste, small equipment, plastic sheeting, gloves,
wood, debris, and soil.

SRS operations classify LLW as long-lived, intermediate-level waste, and low-activity waste.
Long-lived waste has higher quantities of long-lived isotopes (such as carbon-14).
Intermediate-level waste consists of waste material that radiates greater than 200 millirem per
hour from an unshielded engineered metal container at 5 cm.  Intermediate-level waste is
further differentiated by the presence of tritium.  Low-activity waste consists of waste
material that radiates less than 200 millirem per hour from an unshielded, engineered metal
container at 5 cm.  The LLW Program does not currently accept liquid waste, wastes
containing transuranic radionuclides greater than 100 nCi/g, or mixed waste for storage and
disposal.  The primary isotopes of concern are tritium, iodine-129, cesium-137, strontium-90,
plutonium-238, and plutonium-239 (WSRC, 2000d).
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SRS has 13 LLW streams (treatability groups) in a wide range of physical forms.  At present,
the LLW facilities (including nine onsite storage facilities, vault disposal units, and trenches,
including the ET) are forecast to receive about 6,000 cubic meters of LLW for disposition per
year.  This amount is predicted to gradually decrease in the future.  Currently, compactable
LLW is segregated from non-compactable LLW in the WSF, and is processed in the SCF
before disposal in order to maximize disposal space.  The remainder is being stored pending
processing in the on-site segregation/supercompaction facilities.  LLW system operations
include shallow land disposal for suitable waste forms (soil, debris, wood, components in
grout, boxed LLW); storage of naval reactor components and contaminated large equipment
pending disposal; continued disposal of LLW in the Low-Activity Waste Vaults; and
continued disposal of intermediate-level waste in the Intermediate Level Non-Tritiated Vault
and the Intermediate Level Tritiated Vault.  The following treatability groups may be placed
in the ET (WSRC, 2000d).

SRS-LLW-1,
No Treatment Low-
Level Bulk Waste

This treatability group consists of boxed Low-Level Bulk Waste
received from Naval Reactor facilities and onsite generators.
This waste requires no treatment and is packaged for direct
disposal.  As much as 60 percent of this waste will qualify for
disposal in the ET, with the remainder disposed in the E-Area
Vaults.

SRS-LLW-2,
Low-Level Waste Direct
to Compactor

This treatability group includes three separate known waste
streams: Low-Level Alpha Waste, compactable waste packaged
in drums by generators for compaction, and, for planning
purposes, a portion of the projected waste from the Tritium
Extraction Facility (FY06).  It is estimated that 60 percent of
this treatability group will be disposed in the ET, with the
remainder disposed in the E-Area Vaults.

SRS-LLW-3,
Low Activity Bulk Waste

This treatability group consists of legacy waste stored in B-25s
and newly generated Low Activity Waste.  The waste is
primarily paper, plastic, rubber, and cloth job control waste.
Some wood and small amounts of metal may also be present.
About 90 percent of the legacy waste will be compactable.
Newly generated waste will be packaged directly for
compaction/direct disposal.  Once treated (compacted), about 60
percent of the waste will be disposed in the ET, with the
remainder disposed in the E-Area Vaults.

SRS-LLW-4,
Bulk Metal to Direct
Disposal

This stream consists of facility 232-F equipment (legacy), and
future job control, scrap, and components.  A small quantity of
LLW from the mixed LLW program (but not mixed LLW)  will
be disposed.    Most of this material is not considered a
candidate for decontamination and will be segregated by the
generator for direct disposal.  The preferred disposal option for
most of this waste is direct disposal in the ET.  The 232-F
equipment has a preferred disposal option of the DOE-Nevada
Test Site, due to high tritium levels.
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SRS-LLW-5,
Incinerable Low Activity
Liquid Waste

This waste is primarily oil, oil and water, or water, with some
chemical waste.  Some of the liquids have high tritium levels
that make them unsuitable for onsite or commercial treatment.
Options for treatment  include commercial treatment through
combustion, stabilization, or detritiation (technology still in
development).  The Toxic Substances Control Act Incinerator at
Oak Ridge Reservation (not currently available) may become
available.  The preferred treatment option, the SRS
Consolidated Incineration Facility, is not currently available.
The preferred disposal option after treatment for the majority of
this group is the ET, with the remainder disposed in the E-Area
Vaults.

SRS-LLW-6,
Bulk Metal to Survey/
Decontamination

This stream will consist of newly generated scrap and
components which have been segregated at the generator for
survey and decontamination.  Following survey and/or
decontamination, about 75 percent of this stream will be
disposed through free release/sanitary landfill.  The portion not
suitable for free-release/sanitary landfill disposal may be
disposed in an E-Area slit-trench if it cannot be containerized,
or in the ET if it can be containerized.

SRS-LLW-7,
Contaminated Large
Equipment to
Survey/Decontamination

This stream consists of material or components that are too
large for disposal in a standard container.  These types of
material include pumps, jumpers, scaffolding, trailers, process
equipment, etc., presently in storage and expected to be
generated by future Environmental Restoration Department
(ERD) and Decontamination and Decommissioning (D&D)
activities.  The preferred option is decontamination and free
release.  A second option is disposition by vendor.  The least
preferred option is trench disposal within a grout/stabilizing
matrix (called components-in-grout), probably in a slit-trench
or, possibly, in the ET, which would require approval for
expanded trench use and possible regulatory exemptions.

SRS-LLW-9,
Contaminated Large
Equipment to Size
Reduction

For this stream, large equipment is material or components,
such as reactor process water heat exchangers, that are too large
to fit in a standard waste container.  The heat exchangers make
up the majority of the volume.  The majority of this stream will
require extensive decontamination prior to treatment/disposal.
Disposition is anticipated to be 50 percent to beneficial re-use,
and 50 percent to an E-Area trench.  Components with higher
contamination levels will be disposed in a grout/stabilizing
matrix, most likely within a slit-trench or, possibly, the ET.
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SRS-TRU-1,
TRU Waste Less Than
100nCi/g Alpha
Contaminated (Non-
Mixed) Drums

This waste group is alpha contaminated low-level waste
currently classified and being managed as transuranic (TRU)
waste.  The waste is packaged in Type 7A or 17C drums with
90-mil polyethylene liners, for which the inventory records
report 0 grams of Pu-238.  The drums contain low-density job
control waste: hydrogenous materials (plastics, wipes, etc.),
metal tools, inner containers, polyvinyl chloride bags, tape,
gloves, shoecovers, celite, swipes, paper, glass, hut plastic,
motors, metal, scales, valves, adsorbed liquids, etc.  Solid
Waste’s preferred treatment option is supercompaction at SRS,
with disposal in E-Area trenches, possibly including the ET
(WSRC, 2000d).

3.8 SEISMIC CHARACTER ISTICS

The largest known earthquake to affect the site region was the Charleston earthquake of
1886.  This Modified Mercalli Index (MMI) X earthquake struck Charleston, South Carolina,
on August 31, 1886.  The greatest intensity felt at SRS has been estimated at MMI VI-VII
(felt by all; everyone runs outdoors; damage negligible in buildings of good structure, but
considerable in poorly built structures) as a result of the Charleston earthquake.  Minor
tremors from aftershocks of the 1886 Charleston event were also felt in the area where SRS
is now located.  Intensities of these tremors were estimated to be equal to or less than MMI
IV (WSRC, 2000a).

Seismic-activity producing earthquakes of estimated MMI up to V to VII have occurred in
the Bowman, South Carolina, area (about 95 km northeast of SRS) over the last 200 years.
These earthquakes produced acceleration at SRS of less than 0.1 times the earth’s
gravitational acceleration.  An earthquake (MMI VIII) that struck Union County, South
Carolina, about 160 km north-northeast of SRS, in 1913 was felt at Aiken (6 km north-
northwest of SRS) with an MMI of II to III (vibration indoors like a passing truck).

SRS has been operating a continuous recording seismic network onsite since the mid-1970s.
The network was developed to monitor SRS and regional seismic activity that may
potentially impact the safety of existing or planned structures and systems.  Three
earthquakes of MMI III or less have occurred with epicentral locations within the boundaries
of SRS.

• An MMI III earthquake occurred on June 9, 1985, with local duration magnitude
of 2.6.  The mean annual probability of an intensity III event at SRS is about 10-1,
according to Stephenson et al. (1985).

• An MMI I-II earthquake occurred on August 5, 1988, with local duration
magnitude of 2.0.  On May 17, 1997, an earthquake with duration magnitude of
about 2.3 occurred near GunSite 51 ( about 16 km south of A Area).

• On October 8, 2001, an earthquake of estimated duration magnitude 2.5 occurred
about 2.5 miles northeast of F Area, according to Donald Stevenson, with ERD’s
Site Geotechnical Services group (personal communication, Donald Stevenson to
Mike Lewis, October 8, 2001).
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None of the earthquakes triggered the seismic alarms at SRS facilities, which are triggered
when ground acceleration equals or exceeds 0.002 times the earth’s gravitational acceleration.
The epicenters of these earthquakes appear to be located within about 10 km. of the
intersection of a northwest-trending fault and the northeast-trending border fault at the
northern edge of the Dunbarton Triassic basin.  The epicenters are relatively shallow (1 to
3 km below ground surface) (WSRC, 2000a; WSRC, 2000b).

The recurrence interval for a Charleston-sized shock (MMI X) for the Charleston area and for
the Coastal Plain is on the order of 1,000 years, at the 95 percent confidence level.  A
recurrence of the 1886 Charleston earthquake would result in an intensity of MMI VII at
SRS.  Recurrence of earthquakes associated with other known seismic zones in the region are
not expected to be of greater intensity nor cause greater shaking at SRS (WSRC, 2000a).

A geotechnical seismic assessment was performed in 1995 for the Defense Waste Processing
Facility (DWPF) in S-Area, located less than 1 km north of the ET (WSRC, 1995).  The
assessment concludes that neither geologic nor geotechnical hazards exist based on the
design basis earthquake that would adversely affect the DWPF.  Static and dynamic structure
settlements were within tolerable limits, and liquefaction susceptibility was negligible for the
seismic events analyzed.  Although this study was not performed at the ET itself, the area is
close enough to indicate the soils within and above which the ET will be emplaced are
relatively sound, and not predisposed to weaken significantly due to seismic activity.

Another liquefaction probability assessment was performed for H Area, located across
Road 4 from E Area (WSRC, 2000c).  This assessment particularly evaluates Tobacco Road
Formation soil strength properties using cone penetrometer data.  The bottom of the ET will
likely be at, or just above, the contact between the Tobacco Road Formation and the
overlying Upland Formation.  The H-Area liquefaction study concludes that the H-Area
Tobacco Road Formation met liquefaction-potential requirements.  This indicates the
Tobacco Road Formation at the nearby ET should not be predisposed to liquefaction due to
seismic activity.

In summary, the recurrence interval for a Charleston-sized shock (MMI X) for the Charleston
area and for the Coastal Plain is on the order of 1,000 years.  A recurrence of the 1886
Charleston earthquake would result in an intensity of MMI VII at SRS.  The soils
surrounding the ET are not predisposed to liquefaction. Although unobserved to date, given
B-25 structural  degradation through time, the behavior of disposed materials within the ET
may include consolidation and subsidence associated with future seismic events.
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3.9 CLIMATE CHARACTE RISTICS

The southeastern United States has a humid, subtropical climate characterized by relatively
short, mild winters and long, warm, and humid summers.  Summer-like weather typically
lasts from May through September, when the area is subject to the persistent presence of the
Atlantic subtropical anticyclone (i.e., the “Bermuda” high).  The humid conditions often
result in scattered afternoon thunderstorms.  Average seasonal rainfall is usually lowest
during the fall (Cook et al., 2000).

The weather is changeable during the winter as mid-latitude low-pressure systems and fronts
migrate through the region.  Measurable snowfall is rare.  Spring is characterized by a higher
frequency of tornadoes and severe thunderstorms than the other seasons.  During spring,
temperatures are mild and the humidity is relatively low (Cook et al., 2000).

The average annual temperature at SRS is 64.7 °F.  July is the warmest month of the year,
with an average daily maximum of 92 °F and an average daily minimum near 72 °F.  January
is the coldest month, with an average daily high around 56 °F and an average daily low of
36 °F.  Temperature extremes recorded at SRS since 1961 are 107 °F in July 1986 and –3 °F
in January 1985 (Cook et al., 2000).

Annual precipitation averages 49.5 in.  Summer is the wettest season of the year with an
average monthly rainfall of 5.2 in.  Fall is the driest season with an average monthly rainfall
of 3.3 in.  Relative humidity averages 70 percent annually with an average daily maximum of
91 percent and an average daily minimum of 45 percent (Cook et al., 2000).

Winds are most frequently from the northeast and southwest sectors.  Measurements of
turbulence are used to determine whether the atmosphere has relatively high, moderate, or
low potential to disperse airborne pollutants (commonly identified as unstable, neutral, or
stable atmospheric conditions, respectively).  Generally, SRS atmospheric conditions were
categorized as unstable 56 percent of the time (Cook, et al., 2000).

U.S. Environmental Protection Agency (EPA) and National Aeronautic and Space
Administration (NASA) studies indicate human activities have changed the atmosphere’s
chemical composition (EPA, 1997; EPA, 1998; NASA, 2001).  Carbon dioxide, methane,
nitrous oxide, and chlorofluorocarbons, the primary “greenhouse gases,” have increased.
These gases have undisputed heat-trapping properties.  Though the specific climatic response
is uncertain, meteorological data indicate detectable changes.  Likely responses include
increases in temperature and changes in precipitation, soil moisture, and sea level, which
could have adverse effects on ecological and groundwater systems, human health, and the
economy.
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Long-term climate changes may affect long-term cover system stability.  Changes in
precipitation may enhance erosion rates.  Changes in temperature and rainfall can result in
floral and faunal suite changes, particularly by making conditions intolerable to already
marginal species.  Interestingly, EPA (1998) makes the following statement regarding the
effect of increased rainfall on buried hazardous waste at SRS:

The effect of buried hazardous wastes on groundwater quality, particularly
in Barnwell County and near the Savannah River Plant, is a concern in
South Carolina.  Although the effects of climate change on the movement
of pollutants are not well understood, changes in infiltration rates could
affect the rate at which pollutants migrate through an aquifer.  Increased
precipitation could contribute to groundwater contamination by increasing
the inflow of contaminants into nearby aquifers.

Global mean surface temperatures have increased 0.6 – 1.2 °F between 1890 and 1996.  The
average temperature in Columbia, South Carolina, has increased 1.3 °F over the last century,
while precipitation has increased by up to 20 percent in many parts of the state (EPA, 1998).
Regional climate change calculations are much less reliable than global ones.  Regional
climate may become more variable, with increased frequency and intensity of some extreme
weather critical to ecological systems (droughts, floods, frosts, cloudiness, hot or cold spells,
and associated fire and pest outbreaks; EPA 1998).

Based on projections made by the Intergovernmental Panel on Climate Change and results
from the United Kingdom Hadley Centre’s climate model (HadCM2), EPA (1998) cites
temperatures in South Carolina could increase by 3 °F (a range of 1-5 °F) over the next 100
years (slightly less in winter and summer, slightly more in spring and fall).  Precipitation
increase is estimated at 15 percent (range 5-30 percent) in spring, slightly more in summer
and fall, and slightly less in winter.  Near the Aiken County, South Carolina area,
precipitation increase is estimated around 10 percent over the next century.  Near the
Richmond and Columbia County, Georgia area, across the Savannah River from SRS,
precipitation increase is also estimated around 10 percent over the next century (EPA, 1997).
Ironically, though increased precipitation is predicted, decreased soil moisture is also
predicted, due to increased temperatures.

The EPA (1998) predictions are consistent with preliminary regional projections for the
southeastern U.S. cited in NASA (2001).  Southeastern region temperatures are predicted to
increase by about 4.1 °F (2.3 °C) by the year 2090.  The increase occurrence is projected in a
slightly nonlinear manner, with about a 1.8 °F (1 °C) increase over the next 30 years.
Precipitation is projected to increase 3 percent over the next 30 years and by about 20 percent
by the end of the century (NASA, 2001).

In summary, SRS climate change predictions are available for the next century.  Predictions
indicate subtropical conditions continue, with temperatures and precipitation increasing.
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4.0 DOE-SITE DISPOSAL METHODS AND VOLUMES

To provide perspective on the enormity of the DOE complex low-level waste volume, past
and future disposal volumes for DOE’s 20 major waste-generating sites are summarized in
Table 8.

Table 8.  Past and Future Low-Level Waste Volumes for DOE’s 20 Major Waste-
Generating Sites (GAO, 2000)

DOE Site Disposal Completed (m3) Disposal Planned (m3) Total (m3)

Argonne National
Laboratory, East, IL

886 623 1,509

Bettis Atomic Power
Laboratory, PA

12,254 3,642 15,896

Brookhaven National
Laboratory, NY

1,403 not available 1,403

Fernald Environmental
Management Project, OH

439,017 2,173,271 2,612,288

Hanford Site, WA 495,049 128,707 623,756

Idaho National Engr. and
Environ. Laboratory, ID

98,5000 26,000 124,500

Knolls Atomic Power
Laboratory, NY

5,763 6,267 12,030

Lawrence Livermore
National Laboratory, CA

5,641 6,350 11,991

Los Alamos National
Laboratory, NM

223,400 273,000 496,400

Mound Plant, OH 54,798 103,321 158,119

Nevada Test Site, NV 243,000 119,983 362,983

Oak Ridge Reservation, TN 4,253 579,191 583,444

Paducah Gaseous Diffusion
Plant, KY

not available 11,000 11,000

Pantex Plant, TX 3,070 not available 3,070

Portsmouth Gaseous
Diffusion Plant, OH

978 14,387 15,365

RMI Titanium Company,
OH

44 10,477 10,521

Rocky Flats Environmental
Technology Site, CO

9,424 157,436 166,860

Sandia National
Laboratories, NM

2,047 4,220 6,267

Savannah River Site, SC 353,911 407,000 760,911

West Valley Demonstration
Project, NY

11,988 56,634 68,622

Total 1,965,426 4,081,509 6,046,935
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Six DOE sites have active disposal facilities for low-level and/or mixed wastes (GAO, 2000).
All six sites are located where DOE and its predecessor agencies generated low-level and
mixed wastes through a variety of activities, from producing nuclear weapons, to operating
nuclear reactors, to conducting nuclear research.  The Sites have historically disposed low-
level wastes in burial grounds, many of which are currently undergoing environmental
remediation.  Table 9 (from GAO, 2000) presents the six sites, the volumes of low-level
waste disposed, and capacity for additional waste.

Table 9.  DOE’s Active Waste Management Disposal Facilities’ Waste Disposal
Volumes and Remaining Capacity (GAO, 2000)

Disposal Facility DOE Site
Disposed Low-Level
Waste Volume (m3)

Remaining
Capacity (m3)

Hanford 200 Area
Low-Level Burial
Grounds

Hanford Site 380,500 934,000

Radioactive Waste
Management
Complex

INEEL 98,500 64,300

Area G of Technical
Area-54 Material
Disposal Area

LANL 223,400 273,000

Radioactive Waste
Management Sites
Areas 3 and 5

Nevada Test Site 551,000 2,400,000

Interim Waste
Management Facility

ORNL 3,640 1,760

E-Area LLW and
Saltstone Disposal
Facility

SRS 29,911 133,300

Total 1,286,951 3,806,360

The following brief descriptions of site disposal methods (other than SRS) are from GAO
(2000).  Although the specific purpose of the present report is to provide site-specific
parametric information for the ET case study, the greater purpose for this overall task is to
provide a risk- and cost-based methodology for evaluating long-term disposal options.  This
methodology should be adaptable to all DOE long-term, low-level radioactive waste disposal
facilities.  Therefore, summarizing this DOE complex-wide information here provides
perspective for the scope and variety of DOE’s low-level disposal.
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Hanford Site Active Low-Level Burial Grounds cover about 1 mi2 (2.6 km2) in the middle
of the site.  Each burial ground comprises a number of trenches, which will be filled with
wastes contained, for the most part, in wooden containers or drums.  Most of the trenches are
used to dispose of DOE’s wastes, but one is reserved for contaminated reactors from naval
vessels operated by the Department of Defense.  These reactors will be buried
1 to 20 ft bls (0.3 to 6.1 m).  The Hanford Low-Level Burial Grounds can accept virtually all
types of low-level wastes.  The site has developed performance assessments that demonstrate
its disposal operations are protective of human health and the environment.  The eight active
low-level burial grounds are located on a plateau approximately 200 ft (60.6 m) above the
water table.  The site’s annual rainfall (about 6 in.; 0.15 m) is less than the amount of
evaporation, thus limiting the downward migration of contaminants.

INEEL Radioactive Waste Management Complex (RWMC) occupies about 890 mi2

(2,305 km2) of dry, cool desert in southeastern Idaho.  The site once had 52 active nuclear
reactors, and reprocessed spent nuclear fuel for decades.  Currently, the site’s primary
missions include storing spent nuclear fuel and treating and eventually disposing transuranic
wastes offsite.  The site’s Radioactive Waste Management Complex (RWMC) covers
roughly 144 acres (58.3 hectares), and is used for interim transuranic waste storage and low-
level waste disposal.  The four active, conjoined low-level waste disposal pits cover about 6
acres (2.4 hectares) adjacent to the transuranic waste storage areas.  The pits are also adjacent
to previously-filled waste burial grounds managed by the INEEL ER program.  The site is
fairly remote and dry.  Average annual rainfall is 9 in. (0.23 m).  Groundwater is about 700 ft
(212.1 m) bls.

RWMC primarily disposes of low-level wastes in containers such as large (4- x 4- x 8-ft;
1.2- x 1.2 x 2.4 m) wood and metal containers, which are stacked 20 ft (6.1 m) high in
unlined pits.  To conserve disposal capacity and increase long-term stability, low-level
wastes are sized and compacted at the site’s Waste Experimental Reduction Facility prior to
disposal.  Smaller quantities of remote-handled low-level wastes are disposed in special
concrete vaults in one area within the disposal pits.  All low-level wastes disposed at RWMC
are from INEEL.  In FY 99, the facility disposed about 6,000 cubic meters of waste, almost
eliminating the site’s backlog of stored low-level waste.  Current DOE plans assume the
disposal facility will accept contact-handled low-level waste through 2006 and remote-
handled waste through 2008.

Los Alamos National Laboratory Area G of Technical Area-54 Material Disposal Area
began accepting wastes in about 1959.  This area occupies approximately 64 acres
(25.9 hectares) on top of a mesa adjacent to the highway between the laboratory and the
nearby community of White Rock.  The relatively dry climate [average annual rainfall 14 in.
(0.35 m) in Area G] and volcanic bedrock combine to limit potential contaminant migration
from the facility.  The water table lies 800 ft (242.4 m) below the mesa surface.  The mesa
edges ultimately limit the disposal facility’s expansion potential, but additional acreage could
be developed beyond the area currently used.
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The facility disposes low-level waste using shallow land disposal in either pits or shafts.
Approximately 40 disposal pits have been used in Area G, four of which are currently active.
The unlined pits, which are no more than 65 ft deep, are filled with an average of 10 to 12
tiers of tightly stacked wastes.  The layers of waste are covered with backfill to build the
tiers.  During waste emplacement, pipes are installed for environmental sampling during
operations and after closure.  To optimize its disposal capacity, Los Alamos uses a compactor
to reduce the volumes of some low-level wastes by as much as 8 to 1.  Metal waste
containers are used.

Most of Los Alamos’ low-level wastes come to Technical Area-54 from over 2,000 onsite
generators, with a limited amount from offsite.  Because Los Alamos expects to continue its
current missions into the foreseeable future, it is attempting to conserve the site’s limited
disposal capacity for anticipated onsite wastes.

Nevada Test Site Area 3 and Area 5 Radioactive Waste Management Sites are located in
southeastern Nevada, about 65 mi. (104.6 km) northwest of Las Vegas.  From 1951 through
1992, DOE and its predecessor agencies conducted 928 nuclear tests at the site,
100 atmospheric and 828 underground.  Many of the testing areas will require long-term
institutional controls to prevent inadvertent exposure to residual contamination.  Area 3 and
Area 5 are well within the site boundaries.  Both areas are arid, receiving 4 to 6 in. of rain
annually.  There is no nearby surface water, and the water table is approximately 1,600 ft
(484.8 m) below Area 3 and 800 ft (242.4 m) below Area 5.

The Area 3 site covers about 120 acres (48.6 hectares) and currently disposes low-level
wastes in seven subsidence craters that resulted from underground nuclear tests.  The seven
craters make up five disposal units.  In two cases, the area between craters was excavated to
make two craters into a single disposal unit.  The subsidence craters require little excavation
before being used for disposal (in contrast to the engineered trenches in Area 5 and at other
DOE sites).  Low-level bulk wastes arrive in large cargo containers or soft containers, some
of which can be rolled off hydraulic truck beds, reducing necessary handling.

The Area 5 site comprises 732 acres (296.2 hectares), 92 acres (37.2 hectares) of which are
currently used for shallow land disposal.  The wastes are accepted in containers, drums, or
soft packages and are stacked in a stair-step manner within 22 engineered and excavated
disposal trenches.  As the trenches fill, the wastes are covered with clean soil until the facility
can be permanently closed.

The Nevada Test Site has been disposing low-level waste from other sites since the 1960s,
with larger quantities accepted since the mid-1970s.  Offsite wastes comprised approximately
57 percent of the total volume of low-level waste disposed from 1974 through 1997.  During
the last five years of this period, offsite wastes accounted for approximately 95 percent of the
total volume of low-level waste disposed at the site.  In fact, the Nevada Test Site accepted
more than 41 percent of all low-level waste disposed in DOE’s shallow land disposal
facilities from 1987 through 1996.
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Oak Ridge Reservation Interim Waste Management Facility - Oak Ridge Reservation,
established in 1942, occupies approximately 55 mi2 (142.5 km2) in eastern Tennessee, near
Knoxville.  The site has included uranium enrichment, isotope separation, and plutonium
production facilities, among others.  Hydrologic conditions make the site unsuitable for
shallow land disposal of radioactive wastes.  The Oak Ridge climate is humid, with annual
average rainfall of 55 in. (1.4 m)  Depth to groundwater is shallow [less than 20 ft (6.1 m) in
some areas and averaging 20 to 50 ft (6.1 to 15.2 m)].  Groundwater is discharged to the
surface in some areas, to onsite streams and springs.  The Clinch River and six tributaries run
through the reservation, and a major aquifer underlies the site.

Because of this wet environment, Oak Ridge’s only low-level waste disposal facility, the
Interim Waste Management Facility (IWMF), is an aboveground, high-cost engineered
facility.  Modular concrete vaults are filled with low-level wastes encapsulated in concrete.
The vaults are placed on concrete pads, and grout is used to fill void spaces within the vaults.
A concrete lid with a seal is place on each vault following the grouting operation.  IWMF has
a total of six 18 m x 27 m concrete pads, a leachate collection system, and a monitoring
capability.  The facility is expensive, and its use for long-term disposal has been questioned.

No significant amount of waste was disposed in IWMF during FY99 due to costs and the
re-evaluation of the facility’s performance assessment and waste acceptance criteria.  The
site will eventually load vaults onto the already-constructed pads.  These vaults will be filled
primarily with waste containing high-activity, short-lived isotopes like cesium and strontium.
The facility cannot accept much of the low-level waste generated at the site, and its disposal
capacity is limited to 5,400 m3.
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5.0 CONCLUSIONS

This report details parameters to be used in FY02 finite element modeling related to long-
term waste stability.  Parameters related to B-25 corrosion evaluation are also included.
Work performed in FY01 has indicated a number of additional details that may be considered
for this finite element modeling.  One would be the response of the uppermost B-25 to soil
loading.  The placement of a minimum 4-ft-thick soil cover may be sufficient to push the top
of the uppermost B-25 down inside the container.  This would change the response of the
stack to dynamic compaction, possibly transferring the greatest energy to the second and
third B-25 from the top.

Another detail is the discovery during the B-25 exhumation that the uppermost B-25 was full
of water and soil, and that the underlying B-25 was half-full of water.  This suggests
additional study of the dynamics of moisture accumulation within buried B-25s should be
performed.  It also suggests the performance of B-25s in isolating waste (previously
considered not to take place) should be evaluated.

Another detail that should be considered is that most of the B-25s in the ET will not
necessarily be in contact with soil over large portions of their surface area.  Most of the
B-25s will be in close proximity to other B-25s, and would provide some degree of lateral
support to adjacent containers.  The effect of lateral support/incomplete soil contact on
corrosion rate and physical stability should be considered.

FY02 structural modeling will focus on the most likely ET waste stabilization method to be
implemented.  This will begin by discussing all the possible stabilization methods with SRS
SWD and SWD-funded scientists and engineers who are evaluating disposal alternatives.
The most likely alternatives will be used for structural finite element modeling.  Later, in
FY03, the modeled method will be incorporated into the ET performance assessment.  The
methodology for evaluating choices for long-term stabilization will be incorporated into a
guidance document for DOE complex-wide distribution.  The methodology should be
adaptable to long-term disposal facilities using various disposal methods and in various
climate zones.

One method under consideration is the use of soft-sided containers.  A general conceptual
model for this method might be to place the same waste volume (same radioactivity content)
in a mounded configuration of layers of soft-sided bags.  The bag layers might be separated
by soil layers, with each soil/bag layer compacted.  The bag mound might be underlain
and/or overlain by a low-permeability layer.  The mound could then be covered with a thick
soil layer and planted with naturally occurring vegetation designed as closely as possible to
that of the area’s natural climax vegetation.  Such a design would substantially reduce future
subsidence compared to disposal using B-25 containers (whether or not the B-25s are
dynamically compacted or contain supercompacted waste).  Reduced subsidence should yield
lower long-term maintenance cost.
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Another method might be to allow the B-25s to naturally weaken by corrosion prior to
applying dynamic compaction and construction of a new cap.  This concept would assume
that after the B-25s have structurally degraded, dynamic compaction would yield greater
consolidation (and less subsidence) than when performed while the B-25s are relatively
pristine.

An additional method under consideration is the use of static surcharge rather than dynamic
compaction.  With this method, the thick mound of soil providing the surcharge also provides
sufficient soil to fill in subsidence while still providing a cover.  Whichever method is
selected, cost and operational requirements (such as health and safety) must be met.

As DOE looks toward long-term stewardship, the overall goal for all long-term disposal
facilities should be, “…to develop disposal systems that will change in harmony with the
landscape in which it is sited” (Caldwell and Reith, 1993).  This should include planning for
the eventual development of a “climax” vegetated cover and anticipating subsidence.
Caldwell and Reith (1993) state, “Our obligation is to free subsequent generations of the
responsibility for caretaking our hazardous residues, not to saddle them with housekeeping
chores which, if neglected, will result in the re-pollution of the environment that we worked
so hard to clean.”  Selecting the best long-term waste stabilization method and providing the
best possible input for a disposal site’s performance assessment are steps toward fulfilling
this obligation.
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This document summarizes the geotechnical data for the Savannah River Site (SRS) E-Area Low Level
Waste Mega-trench site.  Figure 1 shows the location of the Mega-trench along with the geotechnical
exploration locations.

Engineering layers were identified based on piezocone penetration test (CPTU) results and substantiated
with a geotechnical borehole log as well as other CPTU results in the vicinity.  Figure 2 shows the
geotechnical profile at the Mega-trench site.  Geotechnical profile also shows the CPTU tip stress and
friction ratio, Standard Penetration Test blow count, and soil sample locations.

Geotechnical investigation results including piezocone penetration test soundings, geotechnical boreholes,
groundwater monitoring wells, and laboratory tests are described in the following sections.

A. Piezocone Penetration Test Soundings

Ten piezocone penetration test (CPTU) soundings were conducted in the vicinity of the Mega-
trench site. The coordinates, elevations, and depths of these CPTU soundings are:

CPTU
No.

North
Coordinate

(feet)

East
Coordinate

(feet)

Ground
Elevation

(feet MSL)
Depth
(feet)

MEGA-CPT-1 75,830 59,625 276.7 67.7
MEGA-CPT-2 75,830 59,350 281.3 71.3
MEGA-CPT-3 75,830 59,000 286.8 74.9
MEGA-CPT-4 76,050 59,200 289.9 76.9
MEGA-CPT-5 76,050 59,600 278.1 70.0
MEGA-CPT-6 75,930 59,450 279.6 65.9
MEGA-CPT-7 75,930 59,100 285.0 72.0

At North 76,041 59,484 281.4 63.0
At East 75,919 59,621 277.0 60.0

At South 75,814 59,500 278.7 60.0

Appendix A contains the CPTU sounding results including the sleeve resistance, tip resistance, pore
pressure, friction ratio, and resistivity.
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B. Geotechnical Boreholes

Ten geotechnical boreholes were drilled for a previous investigation near the Mega-trench site.  The
coordinates, elevations, and depths of these boreholes are:

Borehole
No.

North
Coordinate

(feet)

East
Coordinate

(feet)

Ground
Elevation

(feet MSL)
Depth
(feet)

B10 75,580 58,895 291.4 65.5
B11 75,557 59,400 286.8 61.5
B12 75,600 59,743 283.1 65.5
B13 75,990 58,950 295.7 51.5
B14 76,000 59,408 289.9 140
B15 75,998 59,742 284.9 61.5

EMTUD1 75,919 59,355 281.3 50.0
EMTUD2 76,013 59,484 280.3 36.0
EMTUD3 75,919 59,609 277.2 16.0
EMTUD4 75,826 59,484 278.8 27.0

Appendix B contains the geotechnical borehole logs including the SPT blow counts, field classifications,
and soil descriptions.

C. Groundwater Monitoring Wells

Groundwater level data from WSRC-TR-98-0045, The Regional Water Table of the Savannah River Site
and Related Coverages, September 1998, and monitoring wells near the Mega-trench site were used to
determine the groundwater elevation.  Wells monitoring Aquifer D were used to estimate the groundwater
elevation at the Mega-trench site.  The coordinates of these wells are:

Well No. Northing (feet) Easting (feet)
BG30 75,550 58,809
BG31 75,950 58,804
BG32 76,350 58,804

BGO3D 75,351 58,809
BGO3DR 75,512 58,820
BGO4D 76,150 58,804
BGO5D 76,478 58,785
BGX10D 76,183 59,766
BGX11D 75,301 59,581
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Appendix C contains a map showing ground water monitoring wall locations and a plot showing ground
water elevation readings from these wells.  Groundwater elevations at the Mega-trench site were obtained
by interpolating the groundwater elevations in the surrounding area.  The maximum groundwater
elevation at the Mega-trench site was estimated to be 240 feet Mean Sea Level (MSL).

D. Laboratory Tests

Laboratory tests were performed for the Mega-trench site from the following seven undisturbed samples:

Sample Northing Easting Surface Elevation (ft, msl) Depth (feet)
No. (ft) (ft) (ft, msl) From To From to

EMTUD1-ST1 75,919 59,355 281.3 276.3 274.3 5.0 7.0
EMTUD1-ST2 75,919 59,355 281.3 268.3 266.3 13.0 15.0
EMTUD1-ST3 75,919 59,355 281.3 233.3 231.3 48.0 50.0
EMTUD2-ST1 76,013 59,484 280.3 273.3 271.3 7.0 9.0
EMTUD2-ST2 76,013 59,484 280.3 246.3 244.3 34.0 36.0
EMTUD3-ST1 75,919 59,609 277.2 263.2 261.2 14.0 16.0
EMTUD4-ST1 75,826 59,484 278.8 253.8 251.8 25.0 27.0

Tests for a previous investigation were performed on the following sample:

Sample Northing Easting Surface Elevation (ft, msl) Depth (feet)
No. (ft) (ft) (ft, msl) From To From to

B-14-ST-1 76,000 59,408 289.9 231.8 230.6 58.1 59.3

Appendix D provides the detailed laboratory test results including sieve analyses, moisture contents,
Atterberg limits, and strength tests.

(1) Sieve Analysis
Sieve Analyses were performed per ASTM D 421.  The results are:

Depth U.S. Standard Sieve Sizes / Opening Sizes (mm)
Sample from to 3/4 3/8 4 10 20 40 60 140 200

No. (feet) (feet) 19.05 9.525 4.750 2.000 0.850 0.425 0.250 0.106 0.075
EMTUD1-ST1 5 7 100 98 95.6 91 77 54 40 30 28.2
EMTUD1-ST2 13 15 - - - 100 94 82 74 50 34.5
EMTUD1-ST3 48 50 - 100 99.4 99 90 72 47 13 12.5
EMTUD2-ST1 7 9 - - - 100 99 97 91 88.3
EMTUD2-ST2 34 36 - - - 100 91 72 56 19 15.9
EMTUD3-ST1 14 16 - - - 100 93 77 68 47 33.1
EMTUD4-ST1 25 7 - - - 100 90 63 48 24 21.9
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Sieve analysis was performed for a previous investigation using slightly different sieve sizes:

Depth U.S. Standard Sieve Sizes / Opening Sizes (mm)
Sample from to 3/4 3/8 4 10 20 40 60 100 200

No. (feet) (feet) 19.05 9.525 4.750 2.000 0.850 0.425 0.250 0.150 0.075
B-14 ST-1 53 55 - - - 100 91 77 50 18 12.0

A figure showing the grain size distribution of the soils for various layers and a figure showing the
plasticity chart per ASTM D2487 are also included in Appendix D.

(2) Atterberg Limits, Moisture Content, and Classifications

Atterberg Limits and moisture content were determined per ASTM D4318 and ASTM D2216,
respectively.  The results are:

Depth Atterberg Limits Moisture
Sample from to LL PL PI Content USCS

No. (feet) (feet) (%) (%) (%) (%)
EMTUD1-ST1 5 7 53 25 28 11.4 SC

EMTUD1-ST2 13 15 44 26 18 15.8 SC

EMTUD1-ST3 48 50 29 25 4 14.1 SM

EMTUD2-ST1 7 9 90 35 55 27.0 CH

EMTUD2-ST2 34 36 40 24 16 16.3 SC

EMTUD3-ST1 14 16 49 26 23 15.0 SC

EMTUD4-ST1 25 7 44 23 21 14.8 SC

B-14 ST-1 53 55 NP NP NP 21.2 SM

(3) Soil density

Soil density tests were performed for a previous investigation.  The results are:

Boring
No.

Sample
No.

Sample
Depth
(feet)

USCS
Soil

Class

Moisture
Content

(%)

Unit dry
weight
(pcf)

Unit total
weight
(pcf)

B-10 C-3 16.90 CH 25.7 98.1 123.3
B-14 ST-1 58.70 SM 21.2 100.5 211.8
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(4) Soil Strength

Strength properties obtained from laboratory tests for each layer are summarized as follows:

Layer
No.

Sample
No.

Total
friction angle

φ
(degrees)

Total
cohesion

c
(psf)

Effective
friction angle

φ’
(degrees)

Effective
cohesion

c’
(psf)

A EMTUD2-ST1 31.7 390 42.6 0
B EMTUD1-ST2 28.4 520 34.0 0
B EMTUD3-ST1 30.2 720 34.0 0
C EMTUD2-ST2 36.1 210 34.3 20
C EMTUD4-ST1 28.5 970 28.6 930
D EMTUD1-ST3 40.3 0 34.5 0
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Figure 1.  Geotechnical exploratory locations
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Figure 2.  Geotechnical profile at the Mega-trench site
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Appendix A

Piezocone Penetration Test Soundings
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Appendix B

Geotechnical Borehole Logs
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Appendix C

Ground Water Elevations
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Appendix D

Laboratory Test Results
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APPENDIX C

B-25 EXHUMATION

MAY 2-3, 2001
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B-25 EXHUMATION, MAY 2-3, 2001

On March 15, 1993, four B-25 containers were buried in E Area, just east of the Old Burial Grounds.  The
B-25s were buried as part of a remote sensing experiment, designed to locate buried objects using ground-
penetrating radar.  Simulated waste material (wood) had been placed within the B-25s, as part of their
previous use in the dynamic compaction experiment described in McMullin and Dendler (1994).  The
B-25s were in relatively good condition at burial, with some wall-flexure visible in the photographs taken
prior to burial (Figures C-1 through C-4).  The burial location is within a clean area.

The uppermost of the four B-25s was exhumed on May 3, 2001.  It was transported to the FAB
Laboratory in 773-A, where detailed corrosion evaluation was to be performed by Kerry Dunn, SRTC.
The evaluation included documenting the general box condition, total area degraded or perforated by
pitting, rate of corrosion, condition of protective coatings, physical and chemical form of box corrosion
products, and other metallurgical examinations.

The exhumation began on May 2, 2001.  Soils were removed to the top of the B-25.  The top of the box
was at a depth of 8 ft bls.  Soil adjacent to the box was obtained at a depth of 9.5 ft for corrosion-related
analyses, such as pH, resistivity, chloride, and sulfate.  The sample was shipped to Law-Gibb Engineering
(see Table 2 in text).  The B-25 was not uncovered and exhumed until the following day to allow
sufficient time for exhumation and transportation in one day.

The B-25 to be exhumed had a label with the number 66 on the top side-corner.  The word “WOOD” was
written under the label.  The B-25 appeared to be in good overall condition from outside the excavation.
Large areas of rust were not obvious.  On closer inspection from within the excavation, the B-25 sides
appeared to be relatively uniformly covered with blisters under the yellow-painted exterior.  Some blisters
contained water.  Some blisters overlay obvious pitting corrosion.  The yellow paint was underlain by a
very dark gray to black primer coating.  On at least one area of the container lip, the paint-layer was
loosened to the point that it would separate from the primer-layer on contact.

The top of the uppermost B-25 (the one exhumed) was about 6 in. to 2 ft inside the B-25 and overlain by
soil.  The container was also full to the top with water.  The B-25 interior beneath the top contained
simulated waste, soil, and water.  Samples of this water were obtained for analysis, and will be described
in the corrosion report.  The top of the underlying B-25 (which was not exhumed) was solidly in place.
Some mud, but little soil was on top of the underlying B-25.  Upon lifting the uppermost B-25 from the
excavation, one cable was inadvertently placed through a handle on the top of the underlying B-25.  This
caused the top of the underlying B-25 to be lifted up.  After repositioning the cable, the top of the
underlying B-25 was raised by hand for examination of the interior.  The underlying B-25 contained no
visible soil and was about half-filled with water.  The rubber gasket lining the underlying B-25 lid and
forms the contact between the container sides and the lid, appeared to be in overall good condition.   The
interior sides were dark, apparently with the primer coating.  The wood material in both B-25s was very
dark and saturated, and there was a distinct “landfill” odor, which might suggest anaerobic conditions
within the containers.
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Upon raising the B-25 to land surface, the container was tipped over to remove the soil on top, making the
container safer to handle and transport.  Photographs (C-5 through C-34) of the exhumation are included
in sequence of occurrence.  A copy of the chain-of-custody for the soil sample is included (Figure C-35),
as are daily activity reports for the exhumation (Figures C-36 and C-37).

Figure C-1.  View to northeast.

NOTE: Figures C-1 throuth C-4 show the burial of B-25 containers previously used in dynamic
compaction study, March 15, 1993.  [See McMullin and Dendler (1994).]  The containers and
other objects were buried as part of a ground-penetrating radar experiment.

Uppermost B-25 (shown in Figures C-1 through C-3) exhumed May 3, 2001 for corrosion
study.
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Figure C-2.  View to east.

Figure C-3.  View of northwestern B-25 sides, looking east.
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Figure C-4.  Layout of B-25 containers and other objects buried March 15, 1993 as part of ground-
penetrating radar experiment.



APPENDIX C WSRC-TR-2001-00323

Page 239 of 298

Figure C-5.  Prior to excavation, May 2, 2001.  B-25 location marked by orange paint on asphalt
and grass.  View to northeast.

Figure C-6.  Surface soils adjacent to B-25 location at start of excavation, May 2, 2001.  View to
west.
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Figure C-7.  South B-25 corner by probe.  Note B-25 is full of water and soil, May 2, 2001.  View to
northwest.

Figure C-8.  South B-25 corner by probe.  Note B-25 is full of water, May 2, 2001.  View to west.
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Figure C-9.  B-25 southeast side, May 3, 2001.  Container designation “66” and original contents
hand-labeled “wood” visible on upper-right (upper eastern) corner.  View to west.

Figure C-10.  B-25 southeast side, May 3, 2001.  View to west.
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Figure C-11.  B-25 southeast side, May 3, 2001.  View to north.
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Figure C-12.  B-25 southeast side, May 3, 2001.  View to northeast.
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Figure C-13.  B-25 southeast side, May 3, 2001.  View to northwest.

Figure C-14.  B-25 northwest side, May 3, 2001.  View to east.
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Figure C-15.  B-25 northwest side, May 3, 2001.  View to northeast.

Figure C-16.  B-25 north corner, May 3, 2001.  View to south.
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Figure C-17.  B-25 north corner, May 3, 2001.  View to southwest.

Figure C-18.  B-25 south corner, southeast side close-up, May 3, 2001.  Note ribbon-like
delaminated paint.  View to northwest.
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Figure C-19.  B-25 south corner, southwest side close-up, May 3, 2001.  Note ribbon-like
delaminated paint.  View to east.

Figure C-20.  Piece of soil about 1 ft. wide which fell from B-25 side, May 3, 2001.  Note adhesion of
paint and dark primer layer.
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Figure C-21.  B-25 west corner, northwest side, close-up, May 3, 2001.  Original contents hand-label
“wood” legible.
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Figure C-22.  B-25 west corner, northwest side, close-up, May 3, 2001.  Dark corrosion product
wiped off to expose container “66” designation.
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FigureC- 23.  B-25 northwest side close-up, May 3, 2001.  Note some blisters lacking paint covering,
while other still covered by upwelled paint.

Figure C-24.  B-25 southeast side close-up, May 3, 2001.  Note some blisters lacking paint covering,
while other still covered by upwelled paint.
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Figure C-25.  B-25 south corner close-up, May 3, 2001.  Note B-25 is full of water and soil.
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Figure C-26.  B-25 upper edge.  Top has been pushed down into B-25 and covered with soil.  Note
delaminated paint along edge.
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Figure C-27.  B-25 being cleared for removal from excavation.  Note water and soil within B-25.

Figure C-28.  Wood simulated waste within B-25 underlying the excavated B-25, northwest side.

Note wood’s dark color and water within the underlying B-25 (about half-full of water).  Interior of
underlying B-25 also had obvious “landfill” odor.
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Figure C-29.  Wood simulated waste within B-25 underlying the excavated B-25, northwest side.
Note in-place saturated soil that has accumulated on lid of underlying B-25.

Figure C-30.  Close-up of wood simulated waste within B-25 underlying the excavated B-25,
northwest side.  Water within underlying B-25 is visible along top of photograph.
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Figure C-31.  Initial lifting of B-25.  Cables inadvertently run through handles on top of underlying
B-25 pulled its lid up.  B-25 was lowered, and cables re-routed to leave underlying B-25 top in place.

Figure C-32.  B-25 being lifted from excavation.



APPENDIX C WSRC-TR-2001-00323

Page 256 of 298

Figure C-33.  B-25 turned on side at grade to remove soil and water to facilitate transport to
laboratory.  Note soil thickness approximately 2 ft. toward center of lid.

Figure C-34.  B-25 turned on side at grade to remove soil and water to facilitate transport to
laboratory.  Note wood simulated waste material.
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Figure C-35.  Chain of Custody form for samples.
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Figure C-36.  Daily Activities Report for May 2, 2001.
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Figure C-37.  Daily Activities Report for May 3, 2001.
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